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Abstract—In recent years, result of the significant in the field of 

information technology, secure communication techniques have 

increased widely and unexpectedly, Specially with VoIP 

communication network. In order to establish reliable communication 

technology and to ensure that voice reaches its intended end and to be 

accessible to all through the shared network, there is a need to secure 

communication in VoIP communication networks and encrypt the 

transmitted voice “VOICE MAIL”. The proposed system is 

performed in two stages, the first stage includes cryptosystem with 

Chaotic Encryption of voice. The second stage using fingerprint 

authentication. 

 

Keywords—VoIP, Fingerprint Authentication, Chaotic 

Encryption,  Cryptosystem. 

I. INTRODUCTION 

OR secure communication in the VoIP network as shown 

in Fig. 1, authentication and security of voice must be 

provided. In this paper, we use a cryptosystem with Chaotic 

Encryption of voice for security, also we are using fingerprint 

authentication for multi-server environments to get it more 

secure. 

Voice over Internet protocol VOIP allows us to make calls 

over broadband internet connection instead of regular leased 

lines. It converts the voice data into digital signals, divides it 

into packets and delivers them over respective routes and 

reassembles them at the receiver point. Each packet consist of 

source and destination addresses [1]. 

The most fundamental and serious thing in the transmission 

of voice information through IP networks, is the authentication 

of user identity; VoIP cannot end at physical location 

information to carry out certification and authentication, VoIP 

terminals because the physical location of information and 

network are independent of each other to provide for VoIP 

terminal with mobility. Thus, VoIP security can only be 

resolved through fingerprint authentication [2]. 

To meet the requirements of new applications with high 

levels of security, Chaotic Encryption with fingerprint 

authentication is proposed in this paper. The objective of this 

paper is to increase the level of security. The rest of this paper 

is organized as follows. Section II gives an explanation of the 

cryptosystem with Chaotic Encryption of speech signals. 

Section III gives an explanation of the fingerprint 

authentication. Section IV discusses the proposed technique. 

Section V gives the concluding remarks. 

 

 
Fig.  (1)  VoIP. 

II. CRYPTOSYSTEM WITH CHAOTIC ENCRYPTION OF SPEECH 

SIGNALS 

This cryptosystem introduces a voice encryption approach, 

which is based on the permutation on speech samples with the 

chaotic Standard and Henon map and substitution using masks 

in both time and transform domains. Two parameters are taken 

from the main secret key to be used in the generation of the 

mask. DCT can be used in this cryptosystem to take out the 

residual intelligibility resulting from permutation and masking 

in the time domain encryption. 

Substitution with masks is used in this cryptosystem to fill 

out silent periods during a voice conversation and destroy 

formant and pitch information. Permutation is implemented on 

big size blocks to grant a high degree of encryption. This 

cryptosystem has a low complexity, short delay, and high 

security. Simulation results assure that it is strong to noise [3-

5].  

A. Standard Map 

The standard map is a two-dimension chaotic map that 

encrypted the file by disturbing it. It is described by the 

following formula: 
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B. Henon Map 

A particularly simple example of a 2-dimensional map is 

the henon map in 1976. The henon map is one of the 

dynamical systems that exhibit chaotic attitudes. It is defined 

by two equations; the map depends on two parameters a, b, 

and the system exhibits a strange attractor for a = 1.4 and b = 

0.3. The map repeat the point (xn, yn) via the equations : 
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III. FINGERPRINT AUTHENTICATION 

Is one of many biometric systems of human identification. 

A fingerprint sensor picks up a digital image of a fingerprint 

pattern, often at 500dpi (dots per inch) resolution in gray-scale 

using 8 bits per dot. 

First, one fingerprint image (or more) is registered on the IP 

phone used to perform the authentication, and a template of 

the fingerprint is stored on a local database system. 

When users want to log in, they must have their registered 

finger print scanned again, and a second template is generated. 

Next, a pattern analysis is performed to determine if there is a 

match and if the logon should be accepted. 

The match is determined using points of interest (minutia) 

on the fingerprint scanned, such as ridge bifurcations and 

ridge endings. If enough of the minutia points and vectors 

match, the fingerprint scanned is considered a match and the 

logon is permitted [6]. 

A.   Work flow of biometric authentication system 

As shown in Fig. 2 how the biometrics authentication 

system works:  

(1) Biometric abstraction: the raw biometric image is 

abstracted by the biometric scanning device. 

(2) Biometric enrollment: the raw image is processed to get 

the measured characteristics, and the template is generated. 

(3) Template storage: after the template is generated, the 

template is stored in memory to be verified with the input 

measured characteristics. 

(4) Biometrics verification: the live-scanned image template 

is verified with the stored template. 

(5) Verification result: after verification, whether the user is 

legal to access the system is decided [7,8].  

 

 
Fig.  (2)  How the Biometric System Works. 

B. Error rates 

The challenge for biometrics lies in the measurement and 

decision of what exactly is similar. Although biometric 

technology is advancing rapidly it is not yet 100% accurate in 

matching a previously enrolled biometric feature to a present 

feature. The fact is that fingerprint authentication is not 100% 

accurate. Inaccuracies can be caused by the condition of the 

finger (injured, worn, clean/dirty, wet/dry) or its presentation 

to the sensor (position, orientation, pressure, swiping speed). 

In some cases, even the user’s own finger (two matching 

fingers) looks different to the sensor. Therefore, a biometric 

matching system’s response is typically a matching score s 

(usually a single number) that quantifies the similarity 

between the input and the database template representations. 

The higher the score the more certain the system is that the 

two biometric measurements come from the same person [9]. 

A threshold (t) regulates the system decision: 

 Pairs of biometric samples generating scores 

higher than or equal to (t) are mate pairs, they 

belong to the same person. The distribution of 

scores generated from pairs of samples from the 

same person is called a genuine [10]. 

 Pairs of biometric samples generating scores lower 

than (t) are non-mate pairs, they belong to different 

persons. The distribution of scores generated from 

pairs of samples from different persons is called an 

impostor distribution [10] as shown in Fig. 3.  

The curves show false match rate (FMR) and false non-

match rate (FNMR) for a given threshold t over the genuine 

and impostor score distributions. FMR is the percentage of 

non-mate pairs whose matching scores are greater than or 

equal to t, and FNMR is the percentage of mate pairs whose 

matching scores are less than t [9]. 

 
Fig.  (3)  Matching Score (s). 

 

A biometric verification system can make two types of 

errors [11] as shown in Fig.  3 : 

* False Match Rate (FMR) or False Acceptance Rate (FAR) 

– The percentage of impostors the biometrics mechanism 

falsely authorizes. In this case two non-matching fingerprint 

images look similar to the authentication system. 

* False Non-Match Rate (FNMR) or False Reject Rate 

(FRR) 

– The percentage of legitimate users falsely rejected. In this 

case two matching fingerprint images look dissimilar to the 

authentication system. An operational biometric system makes 

a trade-off between false match rate. 

(FMR) and false non-match rate (FNMR). In fact, both 

FMR and FNMR are functions of the system threshold: if the 

system’s designers reduce it to make the system more tolerant 

to input variations and noise, FMR increases. On the other 

hand, if they raise it to make the system more secure, then 

FNMR increases accordingly [12]. 

Most current sensors have error rates on single 
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measurements 1% or less FMR and around 3% FNMR. That 

means there is less than a 1% chance that a random person can 

slide his finger on the sensor and be accepted [13,14]. 

IV. STATISTICAL ANALYSIS  

In this paper, several metrics are selected for quality 

evaluation of audio cryptosystems. These metrics are Spectral 

Distortion, Log Likelihood Ratio, Correlation, Time analysis, 

Histogram  and Spectogram, all are described in table I. 

The SD is a form of metrics that is implemented in 

frequency domain on the frequency spectra of the original and 

processed audio signals. It is calculated in dB to show how far 

is the spectrum of the processed signal from that of the 

original signal. The SD can be calculated as follows [15,16]: 
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where )(kVs  is the spectrum of the original audio signal in 

dB for a certain segment, )(kVy  is the spectrum of the 

processed audio signal in dB for the same segment, M is the 

number of segments and Ls is the segment length. The higher 

the SD between the original and encrypted signals, the better 

is the encryption quality. On the other hand, the SD between 

the original signal and the decrypted signal is required to be as 

small as possible.  

The LLR metric for an audio signal is based on the 

assumption that each segment can be represented by an all-

pole linear predictive coding model of the form [16, 17]: 
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where ma  (for m=1, 2, ….., mp) are the coefficients of the 

all-pole filter, sG  is the gain of the filter and )(nu  is an 

appropriate excitation source for the filter. The audio signal is 

windowed to form frames of 15 to 30 ms length. The LLR 

metric is then defined as [8]: 
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where sa


 is the LPCs coefficient vector [1, sa (1), sa (2), . 

. ., sa (mp)] for the original clear audio signal, ya


 is the LPCs 

coefficient vector [1, ya (1), ya (2), . . . , ya (mp)] for the 

decrypted audio signal, and yR  is the autocorrelation matrix 

of the decrypted audio signal. The closer the LLR to zero, the 

higher is the quality of the output audio signal. 

Correlation coefficient between similar samples in the clear 

and the encrypted signals is a useful metric to assess the 

encryption quality of an audio cryptosystem. It can be 

calculated as follows:  

xyr = 
)()(

),(

yDxD

yxcv
                                                         (6) 

where cv (x,y) is the covariance between the original signal s 

and the encrypted signal y.  )(xD  and )(yD  are the 

variances of the signals x and y, respectively.  In numerical 

computations, the following discrete formulas can be used 

[18]: 
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     where Nx is the number of audio samples involved in the 

calculations. The low value of the correlation coefficient rxy  

indicates a good encryption quality.  

The processing time is the time required to encrypt/decrypt 

data. The smaller the processing time,   the higher the speed of 

encryption. We have tested the proposed technique and 

estimated the decryption time as both the encryption and 

decryption processes have  approximately the same time. 

 
 

TABLE I 

CHAOTIC  MEASUREMENTS. 

 

 

CHAOTIC  Statistical 

Analysis 

Encrypted Decrypted 

Spectral Distortion 21.9008 6.4823e-003 

Likelihood Ratio 0.6220 4.8959e-009 

Correlation 0.0051 1.0000 

Processing time 0.2902 
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V. THE PROPOSED TECHNIQUE 

 
Fig.  (4)  Security in VoIP work flow. 

 

The proposed technique is based on adding a stage which is 

fingerprint authentication to the chaotic encryption for the 

voice to be more secure. This stage can be performed 

numerically to avoid the complexity of the implementation. 

The second stage is the fingerprint authentication. Figure (4) 

show the encryption and decryption processes of the proposed 

technique, respectively. 

With this proposed implementation, we can achieve the 

following gains: 

 Cracking or hacking the encrypted voice becomes 

harder. Let us imagine the case when a hacker may 

crack the chaotic encryption key, i.e. the second 

stage, he still can not obtain the target voice as it is 

protected by the fingerprint authontication key. 

 All acts of piracy on the encrypted voice could 

affect the chaotic randomized pixels. In this case, 

we can easily notice if the received voice has been 

intercepted or  modified. 

VI. CONCLUSIONS 

A new voice cryptosystem is proposed and analyzed using 

several tests. Security analysis experimental results show that 

this cryptosystem will be very practical. This system has multi 

levels of security because encryption is performed with 

permutation process depend completely on the secret key so 

small change in secret key length or value will give great 

differ in mechanism. This system has a very powerful 

diffusion mechanism (a small change in clear signal makes a 

large change in cipher signal). The cryptosystem is tested 

under noise attack and it is found that it is suitable for a noisy 

environment. 

Biometrics-based authentication has lots advantages 

comparing to traditional password authentication systems. 

Low fingerprint sensor prices, easy availability of cheap 

computing power and relatively good understanding of 

individuality information in fingerprints (compared to other 

biometrics) raised lot of commercial interest in fingerprint-

based personal identification. As a result, many fingerprint 

identification vendors appeared in the last few years. 

Embedded applications of fingerprint-based identification 

(e.g., in Laptops) are on the market already. 

The implementation of the proposed technique is simple, 

and achieves good permutation and diffusion mechanisms in a 

reasonable time with large immunity to noise, which is a 

required property for communication applications. 
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Abstract- This paper proposes color image compression 

using hybrid wavelet transform. Hybrid wavelet 

transform is generated using two different orthogonal 

component transforms. Kekre transform is used as base 

transform. It is combined with other transforms like DCT, 

DST, Hartley, Walsh, Real-DFT and Slant transform. 

Generated hybrid wavelet transform is applied on image 

as column transform, row transform and full hybrid 

wavelet transform to compress the image. Root mean 

square error is computed in these three cases at various 

compression ratios and compared. It has been observed 

that Full hybrid wavelet transform gives error which is 

nearly half of the error generated in column and row 

hybrid wavelet transform. DKT-DCT hybrid wavelet 

shows least RMSE than DKT-DST, DKT-Hartley, DKT-

Walsh, DKT-Real-DFT and DKT-Slant hybrid wavelet 

transform. DKT-DCT full hybrid wavelet transform gives 

RMSE 11.17 at compression ratio 32, whereas using 

column hybrid wavelet error value is 27.85 at the same 

compression ratio. It shows that to save number of 

computations, column hybrid wavelet transforms or row 

wavelet transform can be used at the cost of compression 

ratio. 

Keywords- Hybrid Wavelet Transform; Real DFT; Kekre 

Transform; Image Compresion; Bit Rate 

I. INTRODUCTION 

In recent years image compression has become popular 

area for research. Large amount of data which is being 

transferred over internet contains multimedia data. 

Compression of images reduces time required to transfer 

this data and also saves memory space required to store 

it. Image compression comes under the category of lossy 

image compression. In lossy image compression some 

level of degradation of image quality takes place. But it 

is not perceptible to human eye and hence acceptable 

[1].Discrete Cosine Transform, popularly known as 

DCT [2] is widely used in image compression. JPEG 

coders based on DCT have achieved high popularity in 

image compression application. Wavelet transform is 

another technique that has gained immense popularity in 

recent years in many image processing applications. 

Image compression [3], biometrics [4,5,6], image 

segmentation, content based image retrieval [7], 

steganography [8] are to name the few. Basically 

wavelets are mathematical tools used to extract 

information from different kind of data. 

 Concept of wavelet was first introduced by 

Jean Morlet in 1982[9]. Wavelets have high energy 

compaction property. It allows achieving higher 

compression ratio in image compression applications. 

Wavelet transform is good alternative to short time 

Fourier transform (STFT) [10,11]. Unlike STFT, 
wavelet transforms use variable window sizes that 

change along the frequency range [12]. Traditional 

study of wavelet shows that Daubechies wavelet [13] 

and Haar wavelets have been used and analyzed for 

image compression application. Latest research work 

focuses on Walsh wavelet, Hartley Wavelet, Kekre 

Wavelet and slant Wavelet transforms which are 

generated by Kekre’s algorithm[14]. Motive of this 

paper is to propose image compression using hybrid 

wavelet transform and compare the performance of 

column hybrid wavelet, row hybrid wavelet and full 

hybrid wavelet in image compression application. 

Remaining sections of this paper are organized as
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follows: Section II contains related work in the area of 

image compression. Proposed method is discussed in 

section III. Results based on experimental work are 

discussed in section IV. Finally, section V concludes the 

work done. 

II. RELATED WORK 

Large amount of research has been done on image 

compression and still is in progress. Performance of 

different wavelets in image compression has been 

compared by M.S. Abdullah and N. Subba Rao [15]. It 

compares performance of Haar wavelet, Daubechie 

wavelet, Coiflet wavelet, Biorthognal wavelet, Demeyer 

wavelet, and Symlet wavelet. Also lifting based wavelet 

transforms and Set Partitioning in Hierarchical Trees 

(SPIHT) algorithm are used to compress the input 

images. Taubman [16] developed adaptive wavelet 

transforms to modify the prediction step by using the 

properties of the image. Calypoole et al. [17] have 

proposed a prediction operator based on the local 

properties of the image. In [18] Omar et al. described an 

adaptive polyphase structure based on the reduction of 

the variance. In [19] Boulgouries et al. have calculated 

the optimal predictors, by minimizing the prediction 

error variance, and then these optimal predictor filters 

have been applied with adaptive update filters. Image 

compression using Daubechies 9/7 wavelet has been 

proposed by Qiu-yuan et al.[20] where three level 

Wavelet transform has been applied on grayscale image. 

PSNR up to 38.76 is obtained using this method. Use of 

Kekre wavelet, Slant wavelet and Walsh wavelet is 

proposed in [21] by H.B. Kekre, Tanuja Sarode and 

Prachi Natu. These wavelet transforms are generated 

using the algorithm in [22] which has been proposed by 

Kekre et.al. Flexibility to vary the component size is 

provided [14] to choose the best component size. Real 

Fourier transform which contains real coefficients of 

Fourier transform is introduced in [23] by Kekre et al. It 

does not contain complex exponentials like in Fourier 

transform. Quantization technique followed by run 

length coding is combined to achieve image 

compression by Samir Kumar et.al. in[24]. It is effective 

for images with large similar locality of pixel lay out. 

New trend of using hybrid techniques for image 

compression is in now. Combination of wavelet 

transform and neural network has been proposed by M. 

Venkata Subbarao et al. [25]. Use of neural network 

with wavelets helps to get higher compression ratio. 

Various other hybrid techniques are available in 

literature. This paper focuses on Hybrid Wavelet 

Transform for image compression and compares 

performance of column hybrid wavelet and Row hybrid 

wavelet with full Hybrid Wavelet transform. 

III. PROPOSED METHOD 

In this paper, image compression is achieved using 

hybrid wavelet transform. Hybrid wavelet transform is 

generated using two different orthogonal transforms. To 

generate hybrid wavelet of A and B, first ‘m’ rows of 

resultant matrix is calculated by repeating each column 

of ‘A’ ‘N’ times and multiplying it with each element of 

first row of B. These ‘M’ rows represent global 

characteristics in hybrid wavelet transform. Remaining 

rows are obtained by translating the rows of matrix B 

from second row onwards. These rows contribute local 

features of an image. Generated hybrid wavelet 

transform is shown below in Fig.1. As shown in Fig. 1 

Kekre Transform (DKT) plays role of matrix ‘A’. As 

selection of Kekre transform as base transform gives 

acceptable image quality at higher compression ratios, 

than any other transform as a base transform, it is 

selected as matrix ‘A’. Hybrid wavelet HAB is 

generated by combining DKT with other orthogonal 

transforms like DCT, DST, Walsh, Slant, Hartley and 

Real-DFT transform. Using these hybrid wavelet 

transforms, transformed image is obtained as follows: 

 

f= original image 

HAB= Hybrid Wavelet Transform 

F= Transformed Image 

[F]= [HAB]*[f] gives column transformed image       (1) 

 

[F]= [f]*[HAB]
T
 is row transformed image                   (2) 

  

[F]= [HAB]*[f]*[HAB]
T 

is full transformed image         (3) 

 

Inverse Column transform is obtained as: 

[f]= [F]*[HAB]
T
                  (4) 

Inverse Row Transform is  

[f]= [HAB]*[F]                 (5) 

And Inverse Transform for Full Hybrid Wavelet is 

[f]= [HAB]
T
*[F]*[HAB]                (6) 

Column transform of individual red, green and blue 

plane of an image is calculated using eq. 1. Similarly 

row and full transform is also applied on individual 

plane using respective equations mentioned above. High 

frequency coefficients are eliminated from transformed 

image to obtained compressed image. Compression ratio 

is varied up to 32 and root mean square error is 

calculated for various compression ratios. This 

procedure is followed for row transform and full 

transform of images. 
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Bird Colormap Fruits Hibiscus 

   

 Puppy Rose Tiger Grapes 

Fig. 2 Set of color images use for experimental purpose 

IV. EXPERIMENTAL WORK AND RESULTS 

Proposed method is applied on set of twenty color 

images. Images selected for experimental work are 

shown below in Fig. 2. Execution is performed using 

Matlab 7.0 on AMD Dual core processor with 4 GB 

RAM. 

Column transform is applied to the images using eq. (1). 

DKT-DCT pair is selected for testing. Size of  

 

component transform DKT (base transform) is denoted 

as ‘m’ and local transform size is denoted as ‘n’. Using 

different values of m and n, hybrid wavelet of size 

256x256 is generated and applied to the images. In each 

case, root mean square error between original image and 

compressed image is calculated. Graph of error against 

compression ratio is plotted in Fig. 3.  

 
Fig. 3 Average RMSE against Compression Ratio using different component sizes of DKT-DCT Column Hybrid Wavelet Transform

It shows that, among 4 different size combinations of m 

and n, m=8 and n=32 (i.e. 8-32) size of component 

transforms gives lower RMSE value. At compression 

ratio 16, using component size m=8 and n=32, RMSE 

obtained is 19.73. It gives acceptable quality of 

reconstructed image. At compression ratio 32, RMSE 

rises to 27.85 affecting the quality of reconstructed 

image. 
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Fig. 4 compares RMSE obtained using DKT-DCT Row 

Hybrid Wavelet Transform. Different component size 

like 8-32, 16-16, 32-8, 64-4 is selected and RMSE 

obtained in each case is observed for compression ratios 

from 2 to 32. At compression ratio 16, RMSE calculated 

using 8-32 component size is 20.01which is slightly 

higher than RMSE obtained using DKT_DCT column 

hybrid wavelet transform. It gives visually acceptable 

image. At compression ratio 32 RMSE increases up to 

27.89. But at this higher compression ratio reconstructed 

image quality deteriorates. In both column and row 

hybrid wavelet transform component size 8x8 and 32x32 

gives lower RMSE. Hence this size is selected to 

observe the performance of other column and row 

hybrid wavelet transforms formed with DKT as a base 

transform.

 
Fig. 4 Average RMSE against Compression Ratio using different component sizes of DKT-DCT Row Hybrid Wavelet Transform 

Fig. 5 compares the performance of various column 

hybrid wavelet transforms generated using component 

transforms DKT (8x8) and local component transform 

(32x32). DCT, Slant, Hartley, Real-DFT, DST and 

Walsh transform are used to represent local features of 

image. DKT-DCT column hybrid wavelet transform 

gives lesser value of RMSE than others which is 

followed by DKT-Slant pair. Using column hybrid 

wavelet satisfactory image quality is obtained even at 

compression ratio 16. 

 

 

Fig.5. Avg. RMSE against Compression Ratio using DKT of size 8x8 and local component size 32x32 in Column hybrid wavelet Transform 

Fig.6 shows comparison of RMSE in row hybrid 

wavelet transforms against compression ratio. Like 

column hybrid wavelet, here also DKT-DCT performs 

better than all other row hybrid wavelets. Performances 
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of all row hybrid wavelets are nearly equal except DKT-

DST. Using Row hybrid wavelet transform, 16:1  

compression can be achieved. 

 

 
Fig. 6 Avg. RMSE against Compression Ratio using DKT of size 8x8 and local component size 32x32 in Row hybrid wavelet Transform 

Graph in Fig. 7 compares RMSE computed in DKT-

DCT column hybrid, row hybrid and full hybrid wavelet 

transform. It has been observed that performance of 

column hybrid wavelet and row hybrid wavelet is nearly 

equal. Full hybrid wavelet transform reduces RMSE to 

half than RMSE in column and Row Hybrid Wavelet 

transform. At compression ratio 32, RMSE given by 

DKT-DCT column hybrid is 27.85, in Row hybrid 

Wavelet it is 27.89 which is almost same as in column 

hybrid wavelet. In DKT-DCT full hybrid wavelet error 

drastically reduces to 11.17. It reduces by more than 

50% as that of in column hybrid and row hybrid wavelet 

transform. 

 
Fig.7. Average RMSE against Compression Ratio using component 

size of DKT=8x8 and DCT=32x32 Row, Column and Full Hybrid 
Wavelet Transform 

Fig. 8 plots RMSE against Bit Rate for DKT-DCT 

Hybrid Wavelet Transform. It compares RMSE in 

column, row and full hybrid wavelet. As less number of 

bits is used to represent the image, more compression is 

obtained. Minimum bit rate is of 0.25 bpp is possible in 

full hybrid wavelet. At this bit rate fine image quality is 

obtained with error 11.17. Row and column hybrid 

wavelet show equal performance. 

Fig. 9 shows reconstructed images in DKT-DCT Hybrid 

Wavelet transform. All three cases i.e. column wavelet, 

Row wavelet and full Wavelet are considered.  From 

these images we can say that in full hybrid wavelet good 

quality of reconstructed image is obtained. RMSE in full 

hybrid wavelet is one third as compared to reconstructed 

image in column hybrid wavelet transform and hence 

image quality is much better even at high compression 

ratio 32. Using column hybrid wavelet transform 

acceptable image quality is obtained at compression 

ratio 16. Beyond this compression ratio RMSE 

increases. It results in degradation in quality of 

compressed image. But to save the computational 

overhead and to achieve reasonable image quality 

column hybrid wavelet can be used instead of full hybrid 

wavelet up to compression ratio 16. 

 
 

Fig.8. Average RMSE against Bit Rate using component size of 

DKT=8x8 and DCT=32x32 Row, Column and Full Hybrid Wavelet 

Transform 
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Reconstructed Images at different Compression Ratios using DKT-DCT Column Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

 2 4 8 10 16 32 

       
RMSE→ 1.88 3.77 6.06 7.46 9.82 17.69 

       

Reconstructed Images at different Compression Ratios using DKT-DCT Row Hybrid Wavelet Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 2.07 3.86 6.76 8.08 10.62 17.19 

       

Reconstructed Images at different Compression Ratios using DKT-DCT Full Hybrid Wavelet Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 0.32 0.95 1.94 2.46 3.30 4.85 

       
Fig.9. Reconstructed images using DKT-DCT column Hybrid Wavelet, Row Hybrid Wavelet and full Hybrid Wavelet Transform at various 

compression ratios with respective RMSE values 

 

Fig. 10 shows reconstructed images using column, row 

and full hybrid wavelet transform of DKT-Walsh. In 

column and row hybrid wavelet compression ratio of 16 

can be achieved with moderate image quality. Image is 

distorted at compression ratio 32 with RMSE 18.75 and 

18.27 respectively. In full hybrid wavelet reconstructed 

image is superior with RMSE 12.58. Sample 

decompressed image in DKT-Slant Hybrid wavelet is 

shown in Fig.11. Using full hybrid wavelet transform 

clear decompressed images are obtained at compression 

ratio 32 showing error value 5.57. Using column and 

row hybrid wavelet error increases three times than full 

wavelet. Hence acceptable compression ratio is 16 in 

this case. Decompressed images in DKT-Hartley hybrid 

wavelet are shown in Fig. 12 and Fig. 13 shows sample 

images using DKT-RealDFT hybrid wavelet transform. 

Their results are similar to DKT-Slant i.e. up to 

compression ratio 16, results of column and row hybrid 

wavelet are acceptable. To achieve higher compression 

ratio full hybrid wavelet transform must be selected. 
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Reconstructed Images at different Compression Ratios using DKT-Walsh Column Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 2.87 5.19 8.13 9.54 11.84 18.75 

 

Reconstructed Images at different Compression Ratios using DKT-Walsh Row Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 2.87 5.58 8.46 10 12.62 18.27 

Reconstructed Images at different Compression Ratios using DKT-Walsh Full Hybrid Wavelet Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 0.54 1.99 4.53 5.92 8.14 12.58 

       
Fig.10. Reconstructed images using DKT-Walsh column Hybrid Wavelet, Row Hybrid Wavelet and full Hybrid Wavelet Transform at various 

compression ratios with respective RMSE values 

 

Reconstructed Images at different Compression Ratios using DKT-Slant Column Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 2.39 4.22 6.91 7.92 10.19 17.88 

 

Reconstructed Images at different Compression Ratios using DKT-Slant Row Hybrid Wavelet Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 
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RMSE→ 2.38 4.40 7.17 8.47 10.97 17.43 

       

Reconstructed Images at different Compression Ratios using DKT-Slant Full Hybrid Wavelet Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 0.48 1.40 2.64 3.21 4.05 5.57 

       
Fig.11. Reconstructed images using DKT-Slant column Hybrid Wavelet, Row Hybrid Wavelet and full Hybrid Wavelet Transform at various 

compression ratios with respective RMSE values 

 

Reconstructed Images at different Compression Ratios using DKT-Hartley Column Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 3.31 6.13 9.18 10.60 12.88 18.88 

 

Reconstructed Images at different Compression Ratios using DKT-Hartley Row Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 3.27 6.23 9.27 10.67 13.14 18.89 

       

Reconstructed Images at different Compression Ratios using DKT-Hartley Full Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 
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RMSE→ 0.46 1.39 2.84 3.58 4.77 7.07 

       
Fig.12. Reconstructed images using DKT-Hartley column Hybrid Wavelet, Row Hybrid Wavelet and full Hybrid Wavelet Transform at various 

compression ratios with respective RMSE values 

 

Reconstructed Images at different Compression Ratios using DKT-RealDFT Column Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 2.51 4.78 7.85 9.36 11.71 18.72 

 

Reconstructed Images at different Compression Ratios using DKT-Real DFT Row Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 2.40 5.06 8.17 9.75 12.46 18.34 

       

Reconstructed Images at different Compression Ratios using DKT-Real DFT Full Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 0.34 1.06 2.23 2.86 3.87 5.86 

       
Fig.13. Reconstructed images using DKT-RealDFT column Hybrid Wavelet, Row Hybrid Wavelet and full Hybrid Wavelet Transform at various 

compression ratios with respective RMSE values 

Figure 14 shows images obtained using DKT-DST 

hybrid wavelet. Image quality degrades from 

compression ratio 8 onwards in column and row 

hybrid wavelet transform. Blocking effect is observed 

in full hybrid wavelet at compression ratio 16. It 

becomes more prominent as compression ratio 

increases to 32.
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Reconstructed Images at different Compression Ratios using DKT-DST Column Hybrid Wavelet 

Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 5.27 12.72 22.52 26.84 33.27 45.52 

 

Reconstructed Images at different Compression Ratios using DKT-DST Row Hybrid Wavelet Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 5.88 13.78 23.51 27.86 34.13 46.43 

       

Reconstructed Images at different Compression Ratios using DKT-DST Full Hybrid Wavelet Transform 

Compression Ratio 

Original 
Image 

2 4 8 10 16 32 

       
RMSE→ 0.54 1.98 4.54 5.94 8.19 12.69 

Fig.14. Reconstructed images using DKT-DST column Hybrid Wavelet, Row Hybrid Wavelet and full Hybrid Wavelet Transform at various 
compression ratios with respective RMSE values 

V. CONCLUSION 

This paper compares the performance of column, row 

and full hybrid wavelet transform on color image 

compression. Using MxM and NxN size orthogonal 

component transforms, hybrid wavelet transform of 

MNxMN size is generated. Different values of M and N 

can be selected to generate MNxMN hybrid wavelet. 

Here 256x256 hybrid wavelet is generated by varying 

value of M as 8, 16, 32 and 64. Kekre transform is 

chosen as base transform and local component 

transforms are varied as DCT, DST, Walsh, Hartley, 

Real-DFT and Slant. Among these different 

combinations DKT-DCT full hybrid wavelet transform 

gives lower RMSE 11.17 at compression ratio 32 as 

compared to other hybrid combinations. Component 

transform size that gives this minimum value is M=8 

and N=32. DKT-Slant, DKT-Hartley, DKT-Walsh and 

DKT-Real-DFT show nearly equal performance.  

 

Column or row hybrid wavelet can also be used for 

compression. It reduces computational overhead to half 

than in full hybrid wavelet transform but at the cost of 

compression ratio. Using column transform maximum 

compression ratio up to 16 is obtained. In DKT-DCT 

column hybrid wavelet transform, RMSE obtained at 

compression ratio 16 is 19.73. Further increase in 

compression ratio degrades the quality of reconstructed 

image. Column and row hybrid wavelet transforms show 

nearly same performance.  Using DKT-DCT least 

number of bits per pixels can be used to represent the 

image. Possible bpp 0.25 gives error value 11.17 for 

DKT-DCT full hybrid wavelet resulting in fine image 

quality.  
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Abstract—This paper presents an optimized multiplier 

architecture for a Dual field Elliptic curve cryptographic (DF-

ECC) processor for  both Galois prime field GF(p) and binary 

field GF(2m), by the selection of  proper type of coordinates in the 

Elliptic curve cryptographic (ECC) arithmetic unit. In this unit, 

multiplication plays important role to perform scalar 

multiplication (kP) .We present two multiplier architectures, 

using FPGA Virtex-5 as the target device. These are,   multiplier 

using carry save adder (CSA) and vedic multiplier. The proposed 

Dual field ECC processor using Vedic multiplier can reach a 

speed up to 151MHz.   

Keywords- Dual Field ECC; Galois Field; Elliptic curve scalar 

multiplication;Elliptic curve point addition;Elliptic curve point 

doubling; Dual field multiplier; Dual field adder;Vedic 

multiplier;FPGA. 

I.  INTRODUCTION  

Security plays a vital role in Industrial applications. 
Normally data will be transmitted or shared through insecure 
channels. In order to protect the confidential data, cryptography 
has become very important and striving issue. Accordingly 
cryptography is mainly used for confidentiality, authentication, 
data integrity, and non-repudiation. Cryptography can be 
divided into two types: secret-key cryptography and public-key 
cryptography. Secret-key cryptography [3]-[4], which usually 
has a relatively compact architecture and smaller key size than 
public-key cryptography, is often used to encrypt/decrypt 
sensitive information or documents. Elliptic curve 
cryptography (ECC) is one of the public key crypto-system. 
Elliptic curve cryptography (ECC) was proposed by Koblitz [1] 
and Miller in 1985 [2]. Its attractive feature is smaller key size 
with the same level of security compared to other 
cryptographic algorithms like RSA. For example, the security 
level of 160 and 224 bits ECC is analogous to the 1024 and 
2048 bits RSA respectively [15][16]. Point addition and 
doubling are key operations of ECC which decide the 
Performance of ECC. In Refs. [7],[8], architectures are 
proposed using parallelism and pipelining in both addition and 
doubling by using the projective coordinates. Scalar 
multiplication based on Montgomery method is proposed 
which reduces delay by merging addition and doubling. 
Multiplication in finite fields takes more time than addition and 
squaring. Reductions are defined within a multiplier unit to 
achieve high throughput. A high performance ECC processor 

based on the Lopez–dahab EC point multiplication was 
proposed [9]. A dual field ECC processor with projective 
coordinates adaptive to both binary and prime fields, 
implemented with carry save adder(CSA) as multiplier was 
proposed  [10]. In [11] the unified multiplier architecture was 
proposed, which operates in both fields that is GF(p) and 
GF(2

m
).This work[12] proposes a unified architecture for a 

public key cryptographic processor, that can support both RSA 
and ECC. In [13], the theoretical model is used to approximate 
the delay of critical paths in the elliptic curve scalar multiplier 
architecture (ECSMA) implemented on k input lookup table 
(LUT)-based field-programmable gate arrays. In [14] the 
implementations of different software algorithms to compute 
the scalar multiplication based on Elliptic Curve Cryptography 
(ECC) using   five different methods are studied. These are 
defined for both prime and binary fields. Several improved 
ECC architectures have been proposed [17-26]. Among them 
[18],[19]&[21-24] are implemented on FPGA platform. 

Compared to ASIC, FPGA has the advantage that any 
cryptographic processor can be re-configured or re-
programmed based on the security and application 
requirements. Therefore, Field Programmable Gate Array 
(FPGA) implementation is well suited platform for 
cryptographic processors.  

In ECC, normally two finite fields are used. Those are 
Binary field known as Galois field GF(2

m
) and Prime field 

known as Galois field GF(p). In prime field GF(p) the 
hardware complexity will be slightly higher than the  Binary 
field GF(2

m
). Since binary field is suitable for hardware 

application, as on literature date, only a few hardware 
implementations are done in prime field GF(p). 

The organization of this paper is as follows: Mathematical 
background is defined in Section II. Sections III and IV discuss 
about CSA and Vedic mathematics. The proposed multiplier 
architecture is structured in Section V. Section VI presents the 
Dual field ECC processor. The Experimental results and 
comparisons are given in Section VII. Finally Section VIII 
concludes the work. 

II. BACKGROUND FOR ECC  

As described in the Specifications for public key 
cryptography mentioned by IEEE 1363 standard [5] and 
recommended by NIST [6], the standard elliptic curve over 
GF(2

m
) is  given by, y

2
+xy = x

3
+ax

2
+b,  where x, y  GF(2

m
) , 

and b  0. Similarly the standard elliptic curve over GF(p) is 
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given by y
2
=x

3
+ax

2
+b, where x, y  GF(p) and 4a

3
+27b

2
 ≠0 

(mod p). For the ECC schemes, the most time-critical operation 
is the Elliptic curve scalar multiplication(ECSM), which 
consists of Elliptic curve Point addition(ECPA) and Elliptic 
curve point doubling(ECPD).The ECSM can be achieved in 
several co-ordinate systems. Affine co-ordinate system needs 
inversion and the cost of inversion will be high. In order to 
minimize the number of finite field inversions, projective 
coordinates are used in this work. In this design, we use 
Lopez’s  dahab Mixed coordinates[27] for ECPA and pure 
projective coordinates for  ECPD over GF(2

m
). For GF(p), 

Jacobian’s Mixed coordinates for ECPA and pure projective 
coordinates for ECPD are used [16]. In this paper, we have 
used Montgomery ladder algorithm(Double and Add method), 
as it is suitable for our DF-ECC processor[33]. 

 

III. CARRY SAVE ADDER  

     The simple and straightforward method of adding n 

numbers (m bit wide) is to add the first two and then sum to the 

next and so on. But this method requires total gate delay of O(n 

lg m). So, by using carry save addition method delay can be 

reduced. The carry save addition approach is quite different 

from normal addition. 

    The carry save approach divides the process into three steps. 

The first step is to consider only the sum. The second step is to 

find the carry. The third step is to add this carry to the already 

calculated sum. 

     For example, if we want to add three numbers a, b and c, 

then the result is calculated in the form of sum and carry. The 

sum is equal to a+b+c mod 10. 

Example: 

                          a:    1 2 3 4 5 

                          b:    1 2 3 5 2 

            c: +    2 1 3 4 5 

 

                     sum:    4 5 9 3 2 

                                        

Here sum Si equals  the sum of ai+bi +ci  modulo 10      

                                       

                 a:    1 2 3 4 5 

                             b:    1 2 3 5 2 

                 c:  + 2 1 3 4 5 

 

                      carry:   0 0 0 1 1 

 

Carry is equal to the sum of the bits from the previous column 

divided by 10.The total is obtained by adding the sum with the 

carry as shown below.  

                    Sum:  4 5 9 3 2 

                Carry: 0 0 1 1 

                             4 6 0 4  2 

 

In summary, CSA can add several numbers at a time rather 

than just two. CSA is very useful in calculating the partial 

products in multiplication. CSA produces all of the output bits 

in parallel in the same delay as full adder(FA).  

IV. VEDIC MATHEMATICS  

Vedic Mathematics is the ancient system of mathematics but 

again which was rediscovered by Shri Bharati Krishna Tirthaji 

[30]. The word “Veda” is a Sanskrit word means “knowledge”. 

Vedic Mathematics is a system of mental mathematics. Shri 

Bharati Krishna Tirthaji, produced a reconstruction of the 

ancient mathematical system based on sixteen sutras, together 

with a number of sub-sutras only after lengthy  and careful 

investigation, Swami Bharati Krishna Tirtha (1884-1960), 

former Jagadguru Sankaracharya of Puri culled a set of 16 

Sutras (aphorisms) and 13 Sub - Sutras (corollaries) from the 

Atharva Veda. He developed methods and techniques for 

amplifying the principles contained in the aphorisms and their 

corollaries, and called it Vedic Mathematics. The Sutras apply 

to and cover almost every branch of Mathematics. They apply 

even to complex problems involving a large number of 

mathematical operations [31]. Application of the Sutras 

improves the computational skills of the learners in a wide area 

of problems, ensuring both speed and accuracy, strictly based 

on rational and logical reasoning. 

The list so compiled contains Sixteen Sutras are as stated 

hereunder.  

1. EkadhikenaPurvena:-“By one more than the previous one”. 

2. NikhilamnavatascaramamDasatah:- “all from 9 and the  

    last from 10”. 

3. Urdhva – tiryagbhyam: It is the general formula applicable  

     to all cases of multiplication and also in the division of a  

     large number by another large number. Just with two     

     simple words is “Vertically and crosswise”. 

4. ParavartyaYojayet: -'transpose and apply' 

5. SunyamSamyaSamuccaye: -'Samuccaya  is the same, that  

    Samuccaya is Zero.'    

6. Anurupye – Sunyamanyat:- 'If one is in ratio, the other one  

   is zero'. 

7. Sankalana – Vyavakalanabhyam:-'by addition and by     

    subtraction'.  

8. Puranapuranabhyam:-“by the completion or non –  

    completion in solving the roots for general form of  

    quadratic equation.  

9. Calana – Kalanabhyam: 'Sequential motion'.  

10. YavadunamTavadunikrtyaVargancaYojayet:-'whatever  

      the deficiency subtract that deficit from the number and  

      write alongside the square of that deficit'.  

11. Vyastisamastih—“Specific and General”. 

12.S`esanyankena Caramena—“The Remainders by the Last  

     Digit”. 

13.Sopantyadvayamantyam—“The Ultimate and Twice the  

     Penultimate”. 

14. EkanyunenaPurvena: This sutra comes as a Sub-sutra to  

     Nikhilam which gives the meaning 'One less than the  

     previous' or 'One less than the one before'.  

15. GunitaSamuccayah -- is intended for the purpose of  

      verifying the correctness of obtained answers in  

      multiplications, divisions and factorizations. 

16. Gunakasamuccayah – “All the multipliers” 
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1. Urdhva – tiryagbhyam 

 

     This sutra, as the title suggests, translates to “Vertically and 

crosswise”. This sutra is one of the best known of the Vedic 

Sutras, and has found many applications [28-29]. It is a general 

formula applicable in all cases of multiplication and also in 

division of a large number by another large number. Urdhva-

triyagbhyam multiplier architecture shows speed improvements 

over conventional multiplier architecture[32]. An example is as 

shown below in three steps. The product of 11 X 12 can be 

determined as follows 

 

i) The right hand most digit of the multiplicand, the first 

number (11) i.e.,1 is  multiplied by the right hand most digit of 

the multiplier that is, the second number of (12) i.e., 2. The 

product 1 X 2 = 2 forms the right hand most part of the answer.   

  

ii) Now, diagonally multiply the first digit of the multiplicand 

(11) i.e., 1 and the second digit of the multiplier (12) i.e., 1 

(answer 1 X 1=1); then multiply the second digit of the 

multiplicand i.e.,1 and first digit of the multiplier i.e., 2 (answer 

1 X 2 = 2); add these two i.e.,1+ 2 = 3. It gives the  second digit 

of the answer, 3.   

  

iii) Now, multiply the left hand digit of the multiplicand i.e., 1 

and left hand digit of the multiplier i.e., 1 vertically, i.e., 1 X 1 

= 1. It gives the left hand most part of the answer.   

Thus the answer is 13 2.  

 

 
This gives output as 132    

 

V. PROPOSED MULTIPLIER ARCHITECTURES  

    Dual Field Multiplier: is implemented using two methods as 

follows. 

A. Method 1 (M1)- Multiplier using CSA:  

 

    The design of 8x8 CSA multiplier architecture using method 

M1 is shown in Fig.1. This is designed using HAs, FAs and 

AND gates. Initially there is no previous carry, for the first 

stage HA is used, for the remaining stages FA is used. The 

output of this multiplier will be 16-bits. Control signal (CS) is 

used to select either GF(2
m
) or GF(p). 

 
Fig. 1. Architecture of a 8x8 dual field multiplier using CSA. 

B. Method 2 (M2)-Vedic Multiplier:  

   The design of 8x8 Vedic multiplier architecture using 

Method M2 which includes Urdhva – tiryagbhyam sutra and 

adder is shown in Fig.2. The inputs are a(a7-a0) and b(b7-b0). 

The output of this multiplier will be 16-bits as the carry Cout 

and the sum S14 to S0. 

 
Fig. 2. Architecture of a 8x8 dual field Vedic multiplier 
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C. General architecture  for method M1 or M2:  

Fig.3. shows the general 16x16 multiplier using method M1 

or M2. It is implemented using four 8x8 CSA multiplier or 

Vedic Urdhva-Tiryagbhyam multiplier modules, and two 16 bit 

Full adders (FA). The output of this multiplier will be 32 bits. 

That is, LSB of first 8bit multiplier [7:0], LSB of first FA sum 

output [7:0], sum output [14:0] of the second FA and carry. 

Thus finally we get 32bit product term. The field GF(2
m
) or 

GF(p) is selected based on the value ‘1’or ‘0’ of the  Control 

signal (CS). If CS = ‘0’, all the carry bits are disabled (made 

zero’s), the output belongs to GF(2
m
). If CS=’1’ the carry bits 

are enabled and the output belongs to GF(p). 

 
Fig. 3. General Architecture of a 16x16  multiplier 

D. Proposed dual field adder:  

 

The Dual Field (DF) adder is constructed using look 

ahead carry technique with the control signal is shown in 

Fig.4. If the control signal is held at ‘1’, the DF adder acts as a 

prime field adder else (control signal =’0’) the DF adder acts 

as a binary field adder. The inputs to the MOD (modulo p) 

block are final carry Cout, buffer output ‘S’ and p. The output of 

the MOD block gives the prime field adder output,  that is 

serves as the first input to the 2:1 Multiplexer and the same 

buffer output ‘S’ gives the binary field adder output and serves 

as the second input to the 2:1 multiplexer. 2:1 multiplexer 

select signal is connected to the control signal. When the 

CS=’0’, the 2:1 multiplexer gives the binary field adder output 

else (CS=’1’) gives  the prime field adder output. As shown in 

Fig.5, Cg and Cp are the carry generate and carry propagate 

signals. Here Cg= a.b and Cp= a + b as shown in Fig.5. 

 
Fig. 4.DF- Adder using Look ahead adder technique  
 

 
Fig.5.Cg and Cp block 
 

VI. DUAL FIELD ECC PROCESSOR  

 
The Dual field ECC processor is shown in Fig.6. The Dual 

field ECC processor block supports the following functions. 1. 
Linear Feedback Shift Register (LFSR), 2. ECC arithmetic unit 
and 3. Inversion Unit. Random numbers are generated using 
LFSR to improve security. Generations of different scaling 
factor ‘k’ values using LFSR are stored in RAM locations. To 
get kP, ‘k’ value is selected based on the address value given in 
the RAM locations. Scalar multiplication (kP) is done in ECC 
arithmetic unit. ‘kP’ is achieved using point doubling and point 
addition.  Depending on the Individual bits of ‘k’ value, either 
point doubling or point addition is selected. Montgomery 
ladder algorithm (Double and Add method) is achieved using 
recurrent point addition and doublings. To perform Point 
doubling and addition, finite-field arithmetic operations are 
required. For example, add, multiplication, square, etc.. In 
Section 3 we have already discussed two multiplier 
architectures and an adder. These can be applied to either prime 
filed or binary field. ECC arithmetic unit provides the results as 
projective coordinates which are then given to the inversion 
unit. The function of the inversion unit is to generate the affine 
points using Extended Euclidean Inverse algorithm. These 
affine points are fed to any application.  
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Fig. 6. Dual Field ECC processor 

 

VII. EXPERIMENTAL RESULTS AND COMPARISONS 

 
 The experiment was conducted for the DF-ECC processor 

using the appropriate multipliers of  size 256/233 bits on an 
XC5vlx110t-1ff1136 FPGA verification platform to evaluate 
area, speed and power throughputs. The total On-Chip Power is 
calculated by using Xilinx X-Power analyzer, which consists of 
Dynamic power and Quiescent power. 

A. Results for two different multiplier methods M1 and M2 

 

Synthesis results are shown in Table I. The results 

illustrate maximum operating frequency, number of slices 

occupied and the power consumed. From these results, we 

come to the conclusion that M2 multiplier is faster compared 

to M1. 

 

B. Implementation of Individual Fields 

 

We have described the two individual field (GF(2
m
) and 

GF(p)) using two different multiplier methods (M1 and M2). 

Table II shows the GF(2
m
) can run at 142.146 MHz and 

51.784MHz over GF(p) using M1, and the same GF(2
m
) can 

run at 153.416MHz and 56.439MHz over GF(p) using M2. 

From these outcomes, we can conclude that, GF(2
m
) has a 

shortest critical path and GF(p) has a longer critical path. 

 

C. Implementation of DF-ECC processor 

 

 We have described DF-ECC processor of 256/233 bits on 

an XC5vlx110t-1ff1136 FPGA verification platform to 

evaluate area, speed and power throughputs. Table III shows 

the synthesis results. Using M1, Our DF-ECC processor runs 

with a maximum frequency of 139.879MHz, occupies 4179 

slices, number of BRAM is 28 and consumes 1090mW of 

power. The same DF-ECC processor using M2 runs with a 

maximum frequency of 151.596MHz, occupies 6463 slices, 

number of BRAM is 28 and consumes 1096mW of power. 

The emulation result is shown in Fig. 7 and 8 and is 

verified by using chip scope-pro. The four output signals are 

shown, are known as Trig0 (prime1), Trig1 (prime2), Trig2 

(binary1) and Trig3 (binary2). Here, prime1 and prime2 

indicate prime field affine values and binary1 and binary2 

indicate the binary field affine values. The input signals are 

required to see the emulation output waveform, and they are 

pbarb, clk, wr_en, lrst, addr. Signal ‘addr’ is the address 

location selected as ‘100’ in this waveform. The signal ‘pbarb’ 

selects the prime field or binary field. If ‘pbarb’ is ‘0’ selects 

the prime field is shown in Fig.7.Similarly ‘pbarb’ is ‘1’ 

selects the binary field is shown in Fig.8. 

 

 
Fig. 7. ECC over GF(p). Affine points Generation 

 
Fig. 8. ECC over GF(2m). Affine points Generation 
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TABLE I.  TWO DIFFERENT MULTIPLIER DESINGS (M1 AND M2) 

 
Platform No. of Bits 

fMAX in 
MHZ 

Area 
[Slices] 

Power 
(W) 

Ours 

(M1) 

Xilinx 

Virtex-5 
256 146.67 1596 1.066 

Ours 

(M2) 

Xilinx 

Virtex-5 
256 160.45 2989 1.071 

      

TABLE II.  COMPARISION AMONG THE EXSISTING ECC DESIGNS 

 
Platform Field Size 

fMAX in 

MHZ 

Area 

[Slices] 

Power 

(W) 

Ours 

(M1) 

Xilinx 

Virtex-5  

233-bit 

GF(2m) 
142.146 2913 1.071W 

256-bit 

 

GF(P) 

51.784 3427 1.085W 

Ours 

(M2) 

Xilinx 

Virtex-5 

233-bit 

GF(2m) 
153.416 5102 1.084W 

256-bit 

 

GF(P) 

56.439 5748 1.092W 

 

[9] 

Xilinx 

Virtex-2 

pro 

256-bit 

GF(P) 
43.51 

2662 

CLB 

slices 

----- 

 

 

[22] 

Xilinx 

Virtex-2 

pro 

256-bit 

GF(P) 
37.037 

8272 

CLB 

slices 

---- 

[28] 
Xilinx 

Virtex-4 

233-bit 

GF(2m) 
142.53 2648 ---- 

[26] 
Xilinx 

Virtex-5 

163-bit 

GF(2m) 
147 3513 1.078W 

[23] 

Xilinx 

XC4vLX

80 

163-bit 

GF(2m) 
143 24,363 ---- 

 

TABLE III.  COMPARISION AMONG THE EXSISTING ECC PROCESSOR          

DESIGNS USING METHOD 1& 2 MULTIPLIER. 

 
Platfor

m 

ECC 

processor 

field size 

fMAX 

in 

MHZ 

Area 

[Slices]+

BRAM’s 

Dual 

Field 

Power 

(W) 

 

Ours 

(M1) 

Xilinx 

Virtex
-5 

233/256 
139.8

79 

4179+ 

28 
Yes 1.090W 

Ours 

(M2) 

Xilinx 

Virtex
-5 

233/256 
151.5

96 

6463+ 

28 
Yes 1.096W 

[24] Xilinx 

Virtex-

2 pro 

160/160 100 
8,594 

+6 
Yes -------- 

[5] Xilinx 

Virtex-

2 pro 

160/256 94.7 

39,531 

Yes --------- 
41,595 

[25] Xilinx 

XC4Vf

x100 

163/192 150.5 
5,227 

CLB’s 
Yes --------- 

 

D. Comparisons 

Table II compares existing ECC designs in two different 

fields separately. And Table III compares our DF- ECC 

processor when scaled up to 256/233 bits ECC. In Table III the 

two methods have been incorporated. Comparing the Method 1 

and Method 2, our DF-ECC processor using Method 2 

multiplier design is more efficient in terms of speed and power. 

 

VIII. CONCLUSION 

We have proposed two new multiplier architectures for DF-

ECC processor. ECC arithmetic unit requires the finite field 

arithmetic operations. It has been implemented using M1 and 

M2 on a Virtex 5 Xilinx FPGA device. 

Using M1 multiplier design, with a prime field of 256 bits 

the point scalar multiplication with coordinate conversion 

operates at a maximum frequency of 51.784MHZ, 1085mW 

power and occupies 3427 slices over a GF(p). Also, using 

M1,the point scalar multiplication with coordinate conversion 

operates at a maximum frequency of 142.146MHZ, 1071mW 

power and occupies 2913 slices over a GF(2
m
). Similarly using 

M2 multiplier design, the point scalar multiplication with 

coordinate conversion operates at a maximum frequency 

56.439MHZ, 1092mW power and occupies 5748 slices over a 

GF(p). Also, using M2, the point scalar multiplication with 

coordinate conversion operates at a maximum frequency of 

153.416MHZ, 1084mW power and occupies 5102 slices over a 

GF(2
m
). The experimental results prove that our DF-ECC 

processor architecture using M2 runs with a maximum 

frequency of 151.596MHz occupies 6463 slices and consumes 

1096mW of power. Also, our DF-ECC processor provides 

comparable improvements in terms speed and power with 

Existing DF-ECC processor designs. 

In future, Hardware realization of high speed elliptic curve 

point multiplication using precomputation over GF(p) can be 

investigated. The existing investigation can be extended to 

address varied design parameters like speed, power and area.  
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Abstract─ Iris recognition is a critical area of research in the 

field of security system and personal identification. In this paper, 

a novel, efficient technique for iris recognition is presented. The 

aim is to develop a lifting wavelet based algorithm. 

reduces the noise to the maximum extent possible, and extracts 

important information from the image. In this paper recognition 

is being done biorthogonal wavelet based method which is then 

compared with other wavelet family. The method was tested on 

the CASIA dataset of iris image. For matching the iris template 

Hamming Distance technique is used and checks the accuracy of 

the system. The present algorithm provides the 94.4% 

recognition rate and accuracy approx. 99 % on the CASIA iris 

data base version 1. 

Keywords─ Iris recognition, Biorthogonal wavelet

Daubechies wavelet, Iris template, Hamming distance, Match score.

I. INTRODUCTION 

With more efficient communication techniques and more 

complex network societies, human recognition has gained 

significance. Biometrics is defined as automated methods for 

verifying or identifying the identity of a living individual based 

on physiological or behavioral characteristics [1]. Biometrics 

has advantages over traditional identifiers like identity cards, 

signatures etc, in that they cannot be forgotten, transferred, 

misplaced, duplicated, or stolen easily [1], [2]. Some examples 

of biometric identifiers include fingerprints, iris, hand geometry, 

voice, speech, face and gait. In generally biometric 

identification is gaining more popularity and more acceptances 

in public as well as in private sectors. Iris recognition is 

considered to be highly accurate and reliable method of 

biometric identification. The iris being found to be very stable, 

highly unique and easy to capture, is classified as one of the 

better biometric identifiers [3, 4]. The unique epigenetic pattern 

of a human iris is used for personal identification. Image 

processing and signal processing techniques are employed to 

extract information from unique iris structure from a digitized 

image of an eye [5, 6, 7, 8]. This information is encoded to 

formulate a “biometric template”, which is stored in a database 

and also used for identification. Thus, the purpose of the 

template formation is to mathematically encode the iris pattern 

and match it with other similar representations.

recognition, an algorithm detects the iris from eye image and 

performs the segmentation, normalization and create iris 

template. There are several categories of ir
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a novel, efficient technique for iris recognition is presented. The 

aim is to develop a lifting wavelet based algorithm. This method 

reduces the noise to the maximum extent possible, and extracts 

In this paper recognition 
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With more efficient communication techniques and more 

complex network societies, human recognition has gained 

nificance. Biometrics is defined as automated methods for 

verifying or identifying the identity of a living individual based 

on physiological or behavioral characteristics [1]. Biometrics 

has advantages over traditional identifiers like identity cards, 

natures etc, in that they cannot be forgotten, transferred, 

misplaced, duplicated, or stolen easily [1], [2]. Some examples 

of biometric identifiers include fingerprints, iris, hand geometry, 

voice, speech, face and gait. In generally biometric 

ion is gaining more popularity and more acceptances 

in public as well as in private sectors. Iris recognition is 

considered to be highly accurate and reliable method of 

biometric identification. The iris being found to be very stable, 

y to capture, is classified as one of the 

better biometric identifiers [3, 4]. The unique epigenetic pattern 

of a human iris is used for personal identification. Image 

processing and signal processing techniques are employed to 

que iris structure from a digitized 

image of an eye [5, 6, 7, 8]. This information is encoded to 

formulate a “biometric template”, which is stored in a database 

and also used for identification. Thus, the purpose of the 

lly encode the iris pattern 

and match it with other similar representations. To perform iris 

recognition, an algorithm detects the iris from eye image and 

performs the segmentation, normalization and create iris 

of iris recognition 

algorithms, such as Daugman’s algorithm, curvelet transform

[9], imaginary coefficient of morlet wavelet transform

novel biorthogonal wavelet[11], combined feature of GLCM 

and wavelet transform[12], hypercomplex Gabor wavelet

and dual tree complex wavelet transform

driven methods, Daugman’s algorithm is one of the most 

popular algorithms [4, 15, 16, and 17

recognition is divided in four steps namely, segmentation 

where the iris region is isolated in an image under 

consideration; normalization where the pixel of the isolated iris 

is mapped from concentric domain to non

feature extraction it provides abundant texture information, a 

feature vector is formed which consist of the

of feature extracted from various representation of the iris 

image; matching where ‘Hamming distance’ between each pair 

is calculated. 

In this paper, wavelet based iris recognition is being done 

by using biothogonal wavelet which is then

other wavelet family and experimental results are taken for 

measuring hamming distance and to check the accuracy of the 

system. To understand the basic concept of iris recognition let 

us discuss in next section.  This paper is organized as f

Section II wavelet based iris recognition. Section III presents 

the experimental analysis Section IV comparison table with 

measuring parameter. Section V finally concludes the paper.

 

 

 

 

Fig.1 Sample of iris image

 

 
Fig.1 Sample of iris 

 

A. Data Management 

      It is important to test the designed algorithm on sufficiently 

large and diverse data set. A data set of gray scale iris digital 

images taken from the Chinese Academy of Science (CASIA 

version 1) is used for testing. The data b

gray scale images coming out of 108 distinct classes and 7 

images of each eye. Sample of iris image is shown in fig.1. It 

was concluded by inspecting visually that the iris image have 

sufficient resolution and clarity and hence no furth
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such as Daugman’s algorithm, curvelet transform 

, imaginary coefficient of morlet wavelet transform[10], 

, combined feature of GLCM 

, hypercomplex Gabor wavelet[13] 

al tree complex wavelet transform[14]. Among the data-

driven methods, Daugman’s algorithm is one of the most 

ithms [4, 15, 16, and 17]. The process of iris 

recognition is divided in four steps namely, segmentation 

ated in an image under 

where the pixel of the isolated iris 

is mapped from concentric domain to non-concentric domain; 

feature extraction it provides abundant texture information, a 

feature vector is formed which consist of the order of sequence 

of feature extracted from various representation of the iris 

image; matching where ‘Hamming distance’ between each pair 

In this paper, wavelet based iris recognition is being done 

by using biothogonal wavelet which is then compared with 

other wavelet family and experimental results are taken for 

measuring hamming distance and to check the accuracy of the 

system. To understand the basic concept of iris recognition let 

us discuss in next section.  This paper is organized as follows. 

Section II wavelet based iris recognition. Section III presents 

the experimental analysis Section IV comparison table with 

measuring parameter. Section V finally concludes the paper. 

Fig.1 Sample of iris image 

Fig.1 Sample of iris image 

It is important to test the designed algorithm on sufficiently 

large and diverse data set. A data set of gray scale iris digital 

images taken from the Chinese Academy of Science (CASIA 

version 1) is used for testing. The data base consists of 756 

gray scale images coming out of 108 distinct classes and 7 

images of each eye. Sample of iris image is shown in fig.1. It 

was concluded by inspecting visually that the iris image have 

sufficient resolution and clarity and hence no further 
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enhancement technique are used. The available data can be 

tabulated as follows. 
TABLE1. DATA SET DISTRIBUTION

Data Set No. of 

images 

No. of  

Classes 

Resolution

CASIA 756 108 320*280

 

B. Wavelet Analysis 

For the study of wavelet analysis, wavelet is used in the digital 

images to formulate a template. Replacing the

multiresolution analysis (MRA) scheme, a lifting technique is 

used to construct the biorthogonal filters [17, 18, 19, 20

main advantage of this scheme over the classical construction 

is that it does not based on the Fourier transform. Also, it 

allows faster implementation of wavelet transform. 

idea behind the lifting scheme is shown in Fig. 2.

trivial wavelet, the ``Lazy wavelet"; which h

properties of wavelet, but is not capable of doing

The lifting scheme then gradually builds a new wavelet, with 

improved properties, by adding in a new basis function. This

the inspiration behind the name of the scheme. The l

scheme can be visualized as an extension of the FIR (Fini

Impulse Response) schemes [21]. 

 

 

 

 

 

 

 

 

 

 
Fig 2. The lifting scheme for wavelet. It first calculates the Lazy wavelet 

transform, then calculate the ����,� and finally lifts the  ���
 

      It is known that any two channel FIR sub band transform 

can be factored into finite sequence of lifting steps is faster and 

efficient. 

II. WAVELET BASED IRIS RECOGNITION

This portion describes the algorithm development to perform 

iris recognition for ideal condition. The algorithm is flexible 

enough to be adapted for the non-ideal cases lik

images, noise etc. The algorithm can be divided in to four 

steps which are as: 

• Segmentation 

• Normalization 
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This portion describes the algorithm development to perform 

on for ideal condition. The algorithm is flexible 
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he algorithm can be divided in to four 

• Template Formation or Encoding

• Match score calculation 

The iris recognition consists of the following four steps. The 

block diagram of proposed iris recognition algorithm system is 

shown in fig 3. 
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Fig 3. Block diagram of proposed algorithm

C.   Isolation and Segmentation 

Segmentation involves isolating the important information 

from the rest of the eye image. Before doing actual 

segmentation, all the images are transformed into the wavelet 

domain and maxima energy extraction is performed. The 

number of retained coefficients is decided to be 10000. The 

images are inverse transformed before segmentation is 

performed using the log, simple gradie

canny edge detection methodologies. The detected 

mapped on the inverted iris images. The area within 

edge is phase shifted and then the complete image 

transformed into the wavelet domain. The phase 

used and the marked area is further divided 

regions and average intensity thresholding is 

further remove non-significant information

information could be in the form of 

reflections [22, 23]. In order to take 

types of noise entities, thresholding is 

and hence the scheme is called `in-

band significantly removes the noise content depending on

whether it is high pass or low pass and the direction in which 

that filters acts i.e. horizontal, vertical or diagonal

eyelashes were predominantly removed in the HL band. The 

threshold value is adaptive and 

depending upon the relative variations in the intensity of 

different parts of the image. The point where average intensi

drops below the threshold is chosen as the iris radius

threshold's effectiveness depends upon the angular 

However, increasing angular resolution may

excessively large template. 
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effective division for noise removal as well as obtai
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reasonable size templates. The isolated iris images are shown 

in fig 3. 

 

 

 

Fig .3 Isolated iris region. The outer and inner boundaries of the iris region are 

marked with circle. 

D.    Normalization 

In this section our algorithm involves the normalization 

process. In the normalization process first map the data from 

(r, θ) domain to (x, y) domain. For this the centre of iris is 

taken as the starting point as against pupil centre in the 

Daugman's method. The linear radial vector traces the 

complete iris region. Also, instead of matching up the iris and 

pupil centres, the vector dimension of the vector is kept fixed. 

This is the resolution along the iris radius. The vector 

dimension is fixed at 200. For highly non-conc

pairs matching of the centres is performed. The diagonal 

information is mapped in the opposite quadrant to avoid any 

loss of information. The normalized iris shown in fig 4.

 

Fig  4. Normalized iris 

D.    Template formation and Encoding 

In this section, iris template is formed. The template 

formation use the segmented and normalized iris information is 

transformed into the wavelet domain using the biorthogonal 

tap. Lifting technique are used for designed the filter, which 

has the advantage that it is completely invertible. These filters 

transform the data into a different and new basis where ‘large’ 

coefficient corresponds to relevant image data and ‘small’ 

coefficient correspond to the noise. Thresholding is performed 

once again. The process is known as image de

Wavelet encoded data is scalable and localized and hence 

matching of the feature at same location using various scales is 

possible. A haar wavelet and daubchies wavelet are used for 

comparison. On these wavelet lifting tec

performed. For the creation of the iris template we perform the 

train process. In this process we take total iris classes 10 and 

image per class 3. This is done for all the iris images and forms 

the iris template. Along with the iris templat

template is also formed which is used for locating the noisy 

parts of the image.  

isolated iris images are shown 

Fig .3 Isolated iris region. The outer and inner boundaries of the iris region are 

our algorithm involves the normalization 

process. In the normalization process first map the data from 

For this the centre of iris is 

taken as the starting point as against pupil centre in the 

adial vector traces the 

complete iris region. Also, instead of matching up the iris and 

pupil centres, the vector dimension of the vector is kept fixed. 

This is the resolution along the iris radius. The vector 

concentric iris pupil 

pairs matching of the centres is performed. The diagonal 

information is mapped in the opposite quadrant to avoid any 

loss of information. The normalized iris shown in fig 4. 

In this section, iris template is formed. The template 

formation use the segmented and normalized iris information is 

transformed into the wavelet domain using the biorthogonal 

tap. Lifting technique are used for designed the filter, which 

e that it is completely invertible. These filters 

transform the data into a different and new basis where ‘large’ 

coefficient corresponds to relevant image data and ‘small’ 

coefficient correspond to the noise. Thresholding is performed 

ess is known as image de-noising. 

Wavelet encoded data is scalable and localized and hence 

matching of the feature at same location using various scales is 

possible. A haar wavelet and daubchies wavelet are used for 

wavelet lifting technique is also 

performed. For the creation of the iris template we perform the 

train process. In this process we take total iris classes 10 and 

image per class 3. This is done for all the iris images and forms 

the iris template. Along with the iris template, the mask 

template is also formed which is used for locating the noisy 

E.  Matching Score Calculation 

In this process only the phase information is used and 

converted to ones and zeros are encoded from the normalized 

iris pattern. The formulated template is taken for matching and 

similarity scores are calculated. Bit wise comparison of the

template is made and hamming distance is calculated for every 

such comparison. This is obtained by doing successive bit wise 

“X-OR”ing and “AND”ing. To account for the rotational 

inconsistencies the maximum matched value is chosen. The 

mask templates are used to ignore the noisy parts of the image 

the formula for finding the hamming distance is given in [15

as, 
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⎕�����	�	⊗����	��⋂���
	�	⋂���


⎕	���
	�	⋂���
	�	⎕
 

The “X-OR” (⊗) operation detects the dissimilarity between 

the corresponding pair of bits, while “AND” (

mask makes sure that the noisy or less significant portion

image is encoded. The (⎕⎕) represents the norm of the 

vectors. The Hamming Distance are normalized on the scale of 

a range from 0 to 1. The matching score are divided into inter

class and intra-class matching. The 

based on these calculated values. Inter

results of matching iris of a person with iris of another person 

while intra-class results are the results by matching template of 

a person with another template of the same iris captured at 

other time. For calculating and separating

intra-class distribution (d) Daugman[15

If ��  and ��  are the means and �
deviations of the distributions, then d
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III. EXPERIMENTAL ANALYSIS

Our algorithm has been performed on the gray scale iris image 

of bmp format and algorithm is tested on 756 iris images of the 

CASIA iris dataset. Canny edge detection is used to find out 

the edges of the iris and hough transform is used to detect 

circles in binary image. Experiment is performed on iris image 

by changing different wavelet from the wavelet family. 

Experimental results are shown along with iris and measuring 

parameter details. 

Case Study I. Test iris image named database_2folder_2 has 

bmp format gray scale 320×280 and biorthogonal (bior3.5) 

wavelet is used. Figure no.4 shows the iris image, segmentation 

and normalization of iris.  In fig. 4 the Hough transform detects 

circles with specific radius in a binary image and canny edge 

detection method is used to detect the edges of the iris.

 

 

 

  

Fig 4. Shows the sample of iris, Segmented iris and Normalized iris 

 

  

In this process only the phase information is used and 

converted to ones and zeros are encoded from the normalized 

ormulated template is taken for matching and 

similarity scores are calculated. Bit wise comparison of the 

template is made and hamming distance is calculated for every 

such comparison. This is obtained by doing successive bit wise 

o account for the rotational 

inconsistencies the maximum matched value is chosen. The 

mask templates are used to ignore the noisy parts of the image 

hamming distance is given in [15] 

⋂���
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                            (1) 

) operation detects the dissimilarity between 

the corresponding pair of bits, while “AND” (⋂) operation with 

mask makes sure that the noisy or less significant portion of the 

) represents the norm of the 

vectors. The Hamming Distance are normalized on the scale of 

a range from 0 to 1. The matching score are divided into inter-

class matching. The distributions are graphed 

these calculated values. Inter-class results are the 

person with iris of another person 

class results are the results by matching template of 

a person with another template of the same iris captured at 

separating the inter-class and 

) Daugman[15] suggested a formula. 

��  and ��  are the standard 

d is calculated as, 

                                           (2) 

EXPERIMENTAL ANALYSIS 

Our algorithm has been performed on the gray scale iris image 

of bmp format and algorithm is tested on 756 iris images of the 

A iris dataset. Canny edge detection is used to find out 

the edges of the iris and hough transform is used to detect 

circles in binary image. Experiment is performed on iris image 

by changing different wavelet from the wavelet family. 

are shown along with iris and measuring 

Test iris image named database_2folder_2 has 

bmp format gray scale 320×280 and biorthogonal (bior3.5) 

wavelet is used. Figure no.4 shows the iris image, segmentation 

of iris.  In fig. 4 the Hough transform detects 

circles with specific radius in a binary image and canny edge 

detection method is used to detect the edges of the iris. 

Fig 4. Shows the sample of iris, Segmented iris and Normalized iris   
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Fig. 5 shows the results of biorthogonal wavelet filter. The 

hamming distance are plotted for biorthogonal filter. The intra 

class values treated as FRR values and inter

treated as Far values and normalized occurrence

on the y-axis as shown in the table below. 

Fig. 5 Intra-class and inter-class Hamming distance distribution for 

biorthogonal filter.  

 

Case Study II. In the case II test iris image named 

database_folder10_1 has bmp format gray scale 320×280 and 

haar wavelet is used. Figure no.6 shows the iris image, 

segmentation and normalization of iris.  In fig. 6 the Hough 

transform detects circles with specific radius in a binary image 

and canny edge detection method is used to detect the edges of 

the iris. 

 

 

 

    

Fig 6. Sample of input iris, Segmented iris and Normalized iris

 

Fig. 7 shows the results of haar wavelet filter. The hamming 

distance is plotted for haar filter. The intra class values treated 

as FRR values and inter-class values are treated as Far values

and normalized occurrence rate are plotted on the y

shown below in table 2.     

Fig. 7 Intra-class and inter-class Hamming distance distribution for Haar filters
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Fig. 5 shows the results of biorthogonal wavelet filter. The 

hamming distance are plotted for biorthogonal filter. The intra 

class values treated as FRR values and inter-class values are 

occurrence rate are plotted 

 
class Hamming distance distribution for 

In the case II test iris image named 

database_folder10_1 has bmp format gray scale 320×280 and 

is used. Figure no.6 shows the iris image, 

segmentation and normalization of iris.  In fig. 6 the Hough 

transform detects circles with specific radius in a binary image 

and canny edge detection method is used to detect the edges of 

iris, Segmented iris and Normalized iris 

Fig. 7 shows the results of haar wavelet filter. The hamming 

distance is plotted for haar filter. The intra class values treated 

class values are treated as Far values 

are plotted on the y-axis as 

 

ce distribution for Haar filters 

Case Study III. In the case III test iris image named 

database_folder10_1 has bmp format gray scale 320×280 and 

daubchies wavelet is used. Figure no.8 shows the iris image, 

segmentation and normalization of iris.  In fig. 8 the Hough 

transform detects circles with specific radius in a binary image 

and canny edge detection method is used

the iris. 

 

 
 

 

 

 

 
Fig 8. Sample  input of iris, Segmented iris and Normalized iris

 

Fig. 9 shows the results of Daubechies wavelet 

hamming distance is plotted for daubechies

class values treated as FRR values and inter

treated as FAR values and normalized rate are plotted on the y

axis as shown below in table 2 .     

Fig. 9 Intra-class and inter-class Hamming distan

filter 

IV. COMPERISON OF EXPERIMENTAL ANALYSIS

The present algorithm has been tested on 30 iris image of 

CASIA dataset and there are three different wavelet

to check the accuracy of the algorithm by using three different 

iris images as shown above in experimental analysis. Fig 5

gives the results in detail. The hamming distance 

plotted for selected type of filter on the x

rate are plotted on the y-axis. The exact value of FRR

REJECTION RATE) and FAR 

RATE) are calculated by calculating the distribution of the 

hamming distance. By using the biorthogonal wavelet filter the 

normalized occurrence rate is much better as compared

using haar and daubechies wavelet filter.

which show the comparison of different measuring parameter
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In the case III test iris image named 

format gray scale 320×280 and 

daubchies wavelet is used. Figure no.8 shows the iris image, 

segmentation and normalization of iris.  In fig. 8 the Hough 

transform detects circles with specific radius in a binary image 

and canny edge detection method is used to detect the edges of 

of iris, Segmented iris and Normalized iris 

Fig. 9 shows the results of Daubechies wavelet filter. The 

plotted for daubechies filter. The intra 

class values treated as FRR values and inter-class values are 

treated as FAR values and normalized rate are plotted on the y-

 
class Hamming distance distribution for Daubechies 

COMPERISON OF EXPERIMENTAL ANALYSIS 

The present algorithm has been tested on 30 iris image of 

CASIA dataset and there are three different wavelets are used 

to check the accuracy of the algorithm by using three different 

above in experimental analysis. Fig 5, 7, 9 

gives the results in detail. The hamming distance distribution is 

plotted for selected type of filter on the x-axis and normalized 

axis. The exact value of FRR (FALSE 

and FAR (FALSE ACCEPTANCE 

by calculating the distribution of the 

iorthogonal wavelet filter the 

normalized occurrence rate is much better as compared to by 

using haar and daubechies wavelet filter. Table shown below 

which show the comparison of different measuring parameters. 
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TABLE 2 RESULTS COMPARISON OF FRR AND FAR FOR THE 

SELECTED WAVELET FILTER TYPE 

Wavelet FAR FRR Recognition 

rate % 

Accuracy   

% 

Biorthogonal 0.0 0.12 94.4 98.9 

Daubchies 0.11 0.02 92.5 96.6 

Haar 0.0 0.01 94 97 

 

V. CONCLUSION 

In this paper, a iris recognition method has been presented 

which is based on the wavelet. The presented algorithm can 

easily detect the iris and perform the iris recognition. The 

experimental results show that this method gives better 

recognition rate and accuracy by using biorthogonal wavelet as 

compared to the haar and daubchies wavelet. Our algorithm has 

large advantages in internet security and person identification 

as experimented in border monitoring and computer login. 

Although this method concentrate on accuracy of the systems. 

But the method can prove to be useful in person identification 

and for security purpose. Presented algorithm has been 

implemented on bmp image format. The results obtained show 

the accuracy of the presented method.  
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Abstract— In this paper a novel wavelet transform based color 

image watermarking technique has been proposed. Column wise 

DCT wavelet transform has been applied to cover image. A 

watermark of size 128*128 is compressed and embedded in the 

cover image of size 256*256 using DCT wavelet column 

transform. Compression of watermark reduces the payload of 

information to be embedded in the cover image without 

significant loss of information. Robustness of proposed technique 

is tested against three types of attacks namely, cropping, Binary 

distributed run length noise and Gaussian distributed run length 

noise. Performance of proposed technique is observed for various 

compression ratios 1.45, 1.6, 1.77, 2, 2.285 and 2.67 beyond which 

the distortion in compressed watermark is perceptible. This 

technique proves to be exceptionally robust for Binary 

distributed run length noise attack.  For Gaussian distributed 

run length noise attack also acceptable robustness is achieved. 

For cropping also it gives good performance except compression 

ratio 2. Higher compression of watermark results in better 

imperceptibility of watermarked image. Also higher compression 

ratio leads to increased robustness against attacks on 

watermarked image.  

 

Index Terms— Watermarking, DCT wavelet, Column 

transform, Binary distributed Run length noise, Gaussian 

distributed Run length noise. 

I. INTRODUCTION 
With the rapid growth in use of internet technology and 

multimedia data for communication, importance of copyright 
protection of these digital data is also growing. Digital 
watermarking is one of such popular techniques for hiding 
information into digital data to protect it from unauthorized 
alterations. For invisible digital image watermarking, 
imperceptibility and robustness are of major concern and 
should go hand in hand though they are contradictory 
sometimes. Robustness refers to the ability to detect the 
watermark even after some processing of watermarked images 
is done. Imperceptibility means the existence of watermark in 
the digital image should not be noticeable to user. In literature, 
varieties of techniques have been implemented to address 
these problems. 

In [1] Hu Guan, Zhi Zeng, Shuwu Zhang, have proposed a 
novel digital image watermarking algorithm, which embeds a 

multi-bit message into the image and performs the blind 
extraction of the message. To embed the watermark, the image 
is firstly scrambled to enhance the security. Then, some 
feature vectors based on the DCT of the scrambled image are 
extracted. Multi-bit watermark of length N is transformed into 
another form using spread spectrum technique. The expanded 
watermark generated using the spread spectrum technique is 
then embedded into the extracted feature vectors. Authors 
have also considered the Watson perceptual model to obtain 
good invisibility. By performing corresponding inverse 
transformations, watermarked image is obtained. The 
codebook in spread spectrum watermark generation is 
subjected to Gram-Schmidt’s orthogonalization and 
unitization operation. This eliminates the correlation between 
arbitrary pair of vectors in codebook, which is harmful for 
image extraction. These steps can dramatically improve the 
robustness of the watermark. However, the disadvantage of 
this method is that it doesn’t resist to some kinds of geometric 

distortions, such as translation, flipping, rotation and scaling. 
Sanghyun Joo, Youngho Suh, Jaeho Shin, and Hisakazu 
Kikuchi in [2] propose a non-blind watermarking method for 
gray images that embeds a pseudo-random sequence 
(watermarks) into wavelet DC components. The DC area is 
not suitable for embedding because of severe visual 
degradation. This degradation problem is overcome by 
embedding watermarks into visually insensitive locations. 
Depending on the length of the watermarks, robustness and 
fidelity the wavelet decomposition level is determined. From 
nth level LL frequency sub band LLn, reference LL frequency 
sub band LLn’ is obtained for watermark embedding. Chien-
Pen Chuang, Cheng-Hung Liu, Yi-Tsai Liao, Huan-Wei Chi 
in [3] developed a robust digital watermarking technique to 
protect intellectual property right of digital image. A scale-
invariant feature transform technique was employed for 
resisting geometric attacks and 2-D bar code was used for its 
high capacity and fault tolerance to enhance digital 
watermarking capacity. Besides, the Discrete Wavelet 
Transform (DWT) and discrete cosine transform (DCT) were 
joined to cope with noise problem and enhance perceptual 
transparency of watermarking image. The algorithm 
performance was presented for several attack models such as 
lossy compression, scaling, blurring and sharpening etc. The 
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experimental results proved the robustness of this mixed 
transformation technique on protecting intellectual property 
right of digital image. In [4] Yasuhiko Dote, Muhammad 
Shafique Shaikh have proposed a multiresolution based 
watermarking method in which coefficients of watermark are 
embedded into host image at different transformation level 
using secret key. For extraction, same key is used with inverse 
transformation at each level. Watermark is extracted by taking 
the mean value of the obtained watermarks. Method is tested 
for gray and color images and for various noises and proved to 
be robust.  

In [5] Yingli Wang, Xue Bai and Shuang Van have 
presented a new digital image watermarking algorithm based 
on texture block and edge detection in the discrete wavelet 
domain. In the algorithm, the texture blocks are extracted after 
the edge detection for the original image with the canny 
operator by using the masking property of human visual 
system, in which the watermark is embedded adaptively both 
in the low-frequency sub-band and the high-frequency sub-
band in the discrete wavelet domain. Texture blocks are 
selected for embedding the watermark as human visual system 
is not so sensitive to the noise in the strong texture based 
region. The technique shows good invisibility and robustness 
as well as the ability of resisting to geometric attacks. In [6], 
grayscale image watermarking embedding and detection is put 
forward by Qing Liu and Jun Ying, on the basis of digital 
watermarking principle and wavelet multiresolution analysis. 
It is an adaptive blind grayscale image watermarking 
algorithm. The embedded watermarking signal is processed by 
spread spectrum technology.  The location of the embedded 
watermark and strength is automatically adjusted according to 
the characteristics of the original image, and watermark is 
adaptively added to the grayscale images. Experimental results 
show that the proposed algorithm enhances the anti- attack 
capability and the hidden nature of the image, improve the 
security of the watermarking detection, and has higher 
robustness to random noise attack, cutting and JPEG 
compression. In [7], a multimedia authentication and 
restoration scheme is proposed by Sidra Riaz and Sang-
Woong Lee with the security of AES-128 ciphered 
watermarking and correlated watermarking. An encrypted or 
ciphered image embedding is done by modified version of 
Closest Point Transform (CPT) in a digital photograph. Image 
Authentication is done by locating the tempered areas and 
restoration is performed by correlated watermark on the 
tempered region of watermarked photograph. This correlated 
watermark is generated from the original image and is 
embedded in second and third level wavelet sub bands. The 
PSNR values are checked to evaluate the proposed 
watermarking technique. The results of PSNR, MSE, and 
SSIM show that the imperceptibility of proposed scheme is 
high compared to existing methods. In [8], Nagaraj V. 
Dharwadkar, B. B. Amberker & Avijeet Gorai proposed an 
effective, robust and imperceptible colour image 
watermarking scheme. This scheme embeds the watermark 
into cover image in (Red, Green, Blue) RGB space. The 
combination of Discrete Wavelet Transformation (DWT) and 

Singular Value Decomposition (SVD) of Blue channel is used 
to embed the watermark. The singular values of different sub 
band coefficients of Blue channel are modified using different 
scaling factors to embed the singular values of the watermark. 
The copy of the watermark is embedded into four sub band 
coefficients which is very difficult to remove or destroy. The 
combination of DWT and SVD increases the security, 
robustness and imperceptibility of the scheme. 

In [9], Rahim Ansari, Mrutyunjaya M Devanalamath, K. 
Manikantan, S. Ramachandran, proposed a Digital 
Watermarking Algorithm using a unique combination of 
Discrete Wavelet Transform (DWT), Discrete Fourier 
Transform (DFT) and Singular Value Decomposition (SVD) 
for secured transmission of data through watermarking digital 
colour images. The singular values obtained from SVD of 
DWT and DFT transformed watermark is embedded onto the 
singular values obtained from SVD of DWT and DFT 
transformed colour image. Scaling and shift invariance 
property of DFT, rotation invariance property of SVD and 
robustness of DWT to compression are used to perform secure 
transmission of data through watermarking. In [10], to 
effectively resist geometric attacks and protect the security of 
information and copyrights of digital products, a digital image 
zero–watermarking algorithm based on geometric correction is 
proposed by Liu Peili, Tan Yuehui. The invariant centroid of 
an image is selected as a stable geometric reference point. The 
specific SIFT point which is the farthest to the reference point 
in image is obtained. Then geometric transformation 
parameters by changes of these two points’ positions are 

calculated. To hide information in image, the image is divided 
into blocks and QR decomposition is applied to each block. 
After this the 2-Norm of the first row vector of matrix R in 
each block is extracted to form a sequence, and it is 
transformed into a matrix after binary quantization. Finally, 
the watermark and the matrix are XORed, and the result of the 
operation is the zero-watermarking. Experimental results show 
that the algorithm can effectively resist geometric attacks, 
with a high degree of correction accuracy and a strong 
robustness. By using the zero-watermarking method, the 
algorithm can also avoid the contradiction between invisibility 
and robustness. Sushila Kamble, Vikas Maheshkar, Suneeta 
Agarwal and Vinay Kumar Srivastava have proposed a 
wavelet based multiple watermarking of digital images in 
[11]. Watermark is embedded in LL sub band of host image. 
From LL sub band of host image, host vectors are created and 
two watermarks are embedded into these vectors by 
orthogonal projections. The use of multiple watermarks 
increases the embedding capacity of watermark as compared 
to the singular watermarking technique. Also, the spread 
transform disperse the watermark over a large number of 
frequencies providing robustness to volumetric as well as 
geometric distortions. Zhen Li, Kim-Hui Yap and Bai-Ying 
Lei have proposed a SVD-DCT based watermarking method 
in [12]. After applying SVD to the cover image blocks, DCT 
on the macro block comprised of the first singular values of 
each image block is taken. Watermark is embedded in the 
high-frequency band of the SVD-DCT block by imposing a 
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particular relationship between some pseudo-randomly 
selected pairs of the DCT coefficients.  

 Xi-Ping and Qing-Sheng Zhu [13] have proposed a 
wavelet based method using sub-blocks of image. Instead of 
applying wavelet transform on whole image, it was applied to 
local sub-blocks. These sub-blocks were randomly extracted 
from original image. Watermark was embedded into part of 
frequency coefficients of these sub-bands by computing their 
statistical characteristics. Krishnamoorthi and Sheba Kezia 
[14] proposed a watermarking technique based on orthogonal 
polynomial based transformation for copyright protection of 
digital images. A visual model was used to determine strength 
of watermarking. This visual model was used to generate Just 
Noticeable Difference (JND) by analysing low level image 
characteristics like texture, edges and luminance of cover 
image in polynomial based transformation domain. Ko-Ming-
Chan and Long-Wen Chang [15] have proposed a 
watermarking system which embeds two different watermarks 
–robust and fragile into spatial and frequency domain 
separately. Robust watermark is embedded in wavelet 
coefficients of LL band whereas fragile watermark is 
embedded in least significant bits of watermarked image. 
Advanced encryption standard- Rijndeal block cipher was 
used to make watermarking technique public. 

In [16],[17],[18],[19] we have proposed robust digital 
image watermarking algorithms based on various wavelet 
transforms generated from corresponding orthogonal 
transforms using Kekre’s algorithm proposed by H. B. Kekre 

in [20]. These wavelet transforms are taken up to second level 
and further supported by DCT and SVD to increase 
robustness. However, this increases computational overhead. 

In this paper, a new column DCT wavelet transform based 
compressed watermarking technique has been proposed. Full 
image transform is given by T*f*T’ where T is transformation 

matrix and f is image to be transformed. Similarly inverse 
transform is obtained by T*F*T’ where F is transformed 

image. Whereas, column transform of an image is given by 
T*f and inverse column transform is given by T’*F. Thus, 
taking column transform instead of full transform itself 
reduces the computation up to 50%.  Performance of this 
technique is further explored under binary distributed and 
Gaussian distributed run length noise attack and image 
cropping attack. Section II explains DCT Wavelet Transform. 
Section III presents proposed technique and its performance 
for above mentioned attacks. Results are presented in Section 
IV. Section V concludes the paper. 

II. DCT WAVELET TRANSFORM 
DCT wavelet transform matrix is generated from 

orthogonal DCT transform using algorithm proposed in [1]. In 
the proposed method, host images of size 256x256 and 
watermark of size 128x128 have been used. Hence we require 
DCT wavelet matrix of size 256x256 and 128x128. These 
matrices can be generated using various combinations of 
component orthogonal DCT matrix. In the presented work, 
256x256 size DCT wavelet matrix is generated using two 
16x16 DCT matrices and 128x128 size DCT wavelet matrix is 

generated using 16x16 and 8x8 size DCT matrices. For an 
image f, transform of image is given by  

 
F=T*f*T’ 

Where, T is orthonormal transform matrix. Inverse 
transform is given by 

 
f=T’*F*T 

The computational overhead of multiplication of matrices 
twice can be reduced to once by taking column transform or 
row transform of an image. Column transform of an image is 
given by 

F=T*f 
 And inverse column transform is given by 
 

f=F*T’ 

III. PROPOSED TECHNIQUE 
For the proposed technique, ten different host images 

(256*256) and five different watermarks (128*128) have been 
used as shown in Fig. 1 and Fig. 2 respectively. 

The proposed technique can be divided into four phases: 
Watermark compression, watermark embedding, performing 
attacks on watermarked image and watermark extraction as 
shown in following Fig. 3. 

 

    
(a) (b) (c) (d) 

    
(e) (f) (g) (h) 

  

  

(i) (j)   
Fig. 1. Cover images used for experimental work (a) Lena (b) Mandrill 

(c)Peppers (d)Balls (e)Puppy (f)Tiger (g)Flower (h)Ganesh (i)Titanic 
(j)Waterlili 

 

   
(a) (b) (c) 

  

 

(d) (e)  
 

Fig. 2. Watermark images used for experimental work (a) Austral (b) 
Bear (c) CCD (d) Logo (e) NMIMS 
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Fig. 3. Steps in proposed watermarking technique 

A. Watermark compression: 

In the proposed technique, watermark is not embedded as 
it is. Instead, it is first compressed using DCT Wavelet column 
transform [20]. Compression of watermark reduces the 
number of transformed coefficients to be embedded in host 
image. This reduces the number of altered transform 
coefficients in host image and hence the degradation caused in 
watermarked image. Steps for watermark compression are: 

 
 Apply column DCT Wavelet transform on watermark 

image W.  
 Eliminate 40, 48, 56, 64, 72 and 80 lowermost rows 

from transformed watermark to achieve compressed 
version of watermark with desired compression ratio. 

 Reconstruct compressed watermark CW by taking 
inverse column DCT wavelet transform. 

B. Embedding watermark: 

 Apply column DCT Wavelet transform on host 
image. 

 Normalize the compressed watermark CW to get 
normalized watermark CWN.   

 Replace the transform coefficients in the lowermost 
rows of host image by transform coefficients of 
normalized watermark.  

 Take inverse column DCT Wavelet transform of host 
image to obtain watermarked image WI. 

C. Attacks on watermarked image: 

Three different types of attacks have been tested in the 
technique 

 Binary distributed Run length noise 

In this type of attack, noise with random run and discrete 
magnitude of -1 and 1 is generated with equal probabilities. 
This noise is then added to the watermarked image. From the 
attacked watermarked image, watermark is extracted by 
following the extraction procedure. 

 Gaussian distributed Run length noise 

In Gaussian distributed type of noise, once again noise of 
variable run with discrete magnitude in the range of -2 to 2 is 
generated and added to the image. Extraction procedure is 
followed to recover watermark from attacked watermarked 
image. 

 Cropping : 

Cropping of image is done at four corners with 16*16 size 
squares and 32*32 size squares. 

D. Extraction of watermark: 

 Take column DCT Wavelet transform of 
watermarked image. 

 Extract the transform coefficients from lower rows of 
watermarked image. 

 Denormalize these transform coefficients.  
 Take inverse column DCT Wavelet transform of 

these denormalized transform coefficients to extract 
the watermark. 

IV. RESULTS 
Fig. 4 on next page shows the result images for ‘Lena’ 

image and ‘nmims’ watermark for compression ratio 1.45 i.e. 

40 lowermost rows are eliminated from transformed watermark 
image. 

     
(a) (b) (c)MAE=7.82 (d)MAE=0.78 (e) MAE=0 

    

 

(f) MAE=1 (g) MAE=0 (h)MAE=0.75 (i)MAE=68.0
3  

    

 

(j)MAE=1.83 (k)MAE=1.29 (l)MAE=7.55 (m)MAE=4.2  

Fig. 4. Result images for ‘Lena’ host image and ‘nmims’ watermark. (a)host 

image (b) Original watermark (c) Compressed watermark (d) Watermarked 
image (e) Extracted watermark (f) watermarked image after binary distributed 
run length noise attack (g) Watermark extracted from watermarked image 
after binary distributed run length noise attack (h) Watermarked image after 
Gaussian distributed run length noise attack (i) Watermark extracted from 
watermarked image after Gaussian distributed run length noise attack (j) 
Watermarked image after cropping 16*16 squares at four corners (k) 
Watermark extracted from watermarked image subjected to 16*16 cropping 
attack (l) Watermarked image after cropping 32*32 squares at four corners 
(m) Watermark extracted from watermarked image subjected to 32*32 
cropping attack. 

Table I below shows readings for various MAE values for 
‘nmims’ watermark embedded into ten host images. This 
watermark has been compressed using various compression 
ratios like 1.45, 1.6, 1.77, 2, 2.285 and 2.67. Watermarked 
images are further subjected to Gaussian distributed Run length 
noise attack.  

Various MAE values shown in the table are MAE between 
watermark before compression and watermark after 
compression. Since ten host images are used for experimental 
work, average of MAE between host and watermarked image 
is also shown in table. Next MAE value shown in the table is 
between watermarked image and Gaussian distributed run 
length noise attacked watermarked image. The last column of 
table shows the average MAE between embedded compressed 

Watermark Compression  Embedding Watermark 

Attacks on Watermarked image Extracting Watermark 

(IJCSIS) International Journal of Computer Science and Information Security, 
Vol. 12, No. 2, February 2014

33 http://sites.google.com/site/ijcsis/ 
ISSN 1947-5500 



watermark and watermark extracted from attacked 
watermarked image. 

TABLE I. VARIOUS MAE VALUES FOR DIFFERENT COMPRESSION 
RATIOS USING ‘NMIMS’ AS WATERMARK AND GAUSSIAN NOISE DISTRIBUTED 

RUN LENGTH NOISE ATTACK ON WATERMARKED IMAGES 

Water

mark 

Image 

Compr

ession 

Ratio 

MAE 

between 

original 

and 

compres

sed 

waterma

rk 

Avg. 

MAE 

between 

host and 

waterma

rked 

image 

MAE 

between 

waterma

rked and 

attacked 

waterma

rked 

image 

MAE between 

embedded 

compressed 

watermark 

and extracted 

watermark 

from attacked 

image 

nmim

s 

  
  
  
  
  

1.45 7.823 2.041 0.7463 68.03 
1.6 9.527 1.903 0.7463 65.73 

1.77  11.05 1.777 0.7463 63.78 
2 12.351 1.663 0.7463 63.02 

2.285 14.206 1.515 0.7463 58.83 
2.67 17.202 1.361 0.7463 56.38 

 
From Table I it can be seen that as more compressed 

version of watermark is embedded, less is the MAE between 
host and watermarked image. This is due to less number of 
transform coefficients get altered in host image. Also MAE 
between embedded and extracted watermark gets reduced. 
However, MAE between watermarked and attacked 
watermarked image remains same irrespective of compression 
ratio.  

Summary of average MAE between embedded and 
extracted watermark with different compression ratios for 
‘nmims’ watermark embedded in ten host images against 
various attacks is given in Table II below. 

TABLE II.  AVERAGE MAE BETWEEN EMBEDDED NMIMS 
WATERMARK AND EXTRACTED NMIMS WATERMARK COMPRESSED WITH 

VARIOUS COMPRESSION RATIOS AGAINST BINARY DISTRIBUTED RUN LENGTH 
NOISE, GAUSSIAN DISTRIBUTED RUN LENGTH NOISE, CROPPING 16*16 AT 

FOUR CORNERS OF HOST IMAGE AND CROPPING 32*32 AT FOUR CORNERS OF 
HOST IMAGE ATTACKS ON WATERMARKED IMAGE 

Compression 

Ratio 

Type of attack 

Binary run 

length noise 

Gaussian 

distributed 

run length 

noise 

Cropping 

16*16 at 

four corners 

of host 

image 

Cropping 

32*32 at four 

corners of host 

image 

1.45 Close to 0 68.03 1.29 4.275 
1.6 Close to 0 65.73 1.42 6.118 

1.77 Close to 0 63.78 2.18 7.421 
2 Close to 0 63.02 17.37 36.33 

2.285 Close to 0 58.83 1.15 3.94 
2.67 Close to 0 56.38 1.29 5.26 
 
From Table II, it can be said that, for binary distributed run 

length noise, the proposed technique outperforms. For 
Gaussian distributed run length noise, robustness increases as 
we go on embedding more compressed version of watermark. 
For 16*16 cropping attack, robustness is reduced as 
compression of watermark is increased till compression ratio 
1.77. For compression ratio 2, robustness drastically falls to 
MAE value 17.37. However, for next higher compression ratio 

values, again better results are obtained but with increase in 
MAE between embedded and extracted watermark. For 32*32 
cropping attack, similar trend is observed with increased error. 

V. CONCLUSION  
Compression of watermark before embedding it in the host 

image reduces the amount of information hidden in host 
image. This improves imperceptibility in watermarked image 
with minimal loss of information from watermark. Response 
of proposed technique is excellent for binary distributed run 
length noise with negligible MAE between embedded and 
extracted watermark. For Gaussian distributed run length 
noise, better performance is observed in terms of MAE as 
compression ratio is increased. However, for cropping (16x16 
and 32x32 squares at four corners), performance drastically 
falls for compression ratio 2. Otherwise, for other compression 
ratios, better robustness is observed.  
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Abstract: 
 
        Searching Test Image from Image databases 
using features extraction from the content is 
currently an active research area. In this work we  
presents novel feature extraction approaches for 
content-based image retrieval when the query 
image is color image. To facilitate robust man-
machine interfaces, we accept query images with 
color attributes. Special attention is given to the 
similarity measure with different distance matrices 
properties since the Test Image and Object Image 
from database finding the distance measuring. 
Several applicable techniques within the literature 
are studied for these conditions. 

The goal is to present the user with a 
subset of images that are more similar to the Object 
Image. One of the most important aspects of the 
proposed methods is that the accuracy 
measurement of the different database images. This 
significantly improves the feature extraction 
process and enables the methods to be used for 
other computer vision applications.  
 
Keyword: Color image, Image retrieval, 
Euclidean metrics, Manhattan metrics and 
Correlation. 
 
 

1. INTRODUCTION: 
 
 Content Based Image Retrieval (CBIR) is 
a set of techniques for retrieving semantically 
relevant images from an image database based on 
automatically derived image features [1]. The 
computer must be able to retrieve images from a 
database without any human assumption on 
specific domain (such as texture vs. non texture or 
indoor vs. outdoor). 
 
 One of the main tasks for (CBIR) systems 
is similarity comparison, extracting feature 
signatures of every image based on its pixel values 
and defining rules for comparing images. These 
features become the image representation for 
measuring similarity with other images in the  

 
 
database. Calculating the difference of the feature 
components for compared images. 
 
Early CBIR methods used global feature extraction 
to obtain the image descriptors. For example, 
QBIC [2], developed at the IBM Almaden 
Research Center, extracts several features from 
each image, namely color, texture and shape 
features. These descriptors are obtained globally by 
extracting information on the means of color 
histograms for color features; global texture 
information on coarseness, contrast, and direction; 
and shape features about the curvature, moments 
invariants, circularity, and eccentricity. Similarly, 
the Photo-book-system [10], Visual-Seek [11], and 
Virage [12], use global features to represent image 
semantics. 
Image database is one of the centerpieces for 
distributed multimedia systems. In general, an 
image database system is an intelligently 
combination of the following three major 
components: 
 

• image processing 
• storage, retrieval, and management 
• user interface 

 
 The first component deals with processing 
for the extraction of information from original 
images while the second component is providing 
efficient tools for storing, retrieval and managing of 
image data. Querying the database needs a simple 
and user friendly interface which is the 
responsibility of the third component. 
 

2. RELATED WORK: 
 

2.1 PIXEL DOMAIN TECHNIQUES: 

 Typically, visual indexing techniques are 
based on features which are extracted directly from 
the pixel domain. These include visual features that 
the human visual system can easily recognize. 
Working in this domain is more intuitive and does 
not require us to transform and re-transform the 
images at the store and retrieving stages, 
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respectively. Here, we review the most important 
image clues in the pixel domain, which are color, 
texture, shape, spatial relation, and sketch. 
 
2.2 COMPRESSED DOMAIN TECHNIQUES: 
 

The large volume of visual data 
necessitates the use of compression methods. 
Multimedia databases usually store the visual 
content in compressed form and most images are 
stored using existing compression techniques. In 
order to reduce the cost of decompression of the 
image data and applying pixel domain techniques, it 
may be more efficient (if applicable) to index visual 
information in the compressed form. This approach 
often has a lower cost for computing and storing the 
indexes. 
 

Compressed domain indexing is broadly 
classified into two main categories: spatial domain, 
and transform domain techniques. The major 
techniques in the first category are vector 
quantization [3] (VQ) and fractals. The second 
category is generally based on image transformation 
techniques including DFT [4] (discrete Fourier 
transform), DCT (discrete cosine transform), sub 
bands/wavelets transforms, Haar Transforms, and 
KLT (Karhunen-Loeve transform). 
 

3. PROPOSED WORK: 
 
 The goal is to present the user with a 
subset of images that are more similar to the Query 
image. New affine transform invariant feature 
extraction techniques are proposed to improve 
retrieval performance and reduce the extraction and 
search times. The techniques are tested both 
generally for multi-component images and 
particularly for any pictures. The solutions are 
discussed for each specific application. Finally, 
content-based image retrieval [5], which explores 
image retrieval from databases using different 
distance metrics, is investigated on an individual 
basis. 
 
 Two different approaches based on CBIR 
i.e. Pixel domain based and another one is 
compressed domain based for general image 
retrieval. Here, the database images consist of 
multiple complex images within an inhomogeneous 
background. One of the methods is an improved 
version of another, which increases retrieval 
performance. Both techniques exhibit their better 
task perform better result.  
 

 Our approach is to retrieve the image from 
the frequency domain method. By this method we 
firstly apply the color image conversion i.e. in the 
form of RGB.We must have to apply the color 
conversion technique first with the help of color 
model i.e. HSV (Hue, Saturation and value).The 
MATLAB code is so much helpful for us for 
converting the image color in HSV format. After 
converting we are selecting the blocks the picture 
which is helpful for finding the distance measure. 
Here we apply the similarity measure between two 
images with the help of different metrics such as 
Euclidean metrics so on. 
 
 Firstly we take two images and make the 
blocks into it which requires to measure the 
distance of metrics by image 1 find the Euclidean 
distance that is called Eudclean1. Now again find 
the distance of another image we get the Euclidean 
distance that is Eucledean2. After it we can find the 
distance with the help of these two distances i.e. 
called Manhattan metrics. 
 

4. ALGORITHM: 
 

4.1. Preprocessing 
    Step1:- Input various object images 
    Step2:- Create 4*4 Block matrix 
    Step3:- Calculate Mean of Block Matrices 
    Step4:- Concatenate all Block Matrices  
                Obtain from step 3  

 
4.2. Feature Extraction 

Step5:- Convert Block Matrices “f and g” 
RGB from space to HSV from space. 
 % (where f and g are block matrices of 
query and object image) 
Step6:- Extract feature vector from HSV 
space 

 
4.3. Similarity Measure 

Step7:- Calculate Euclidean Distance  
then get Euclidean 1 (D2) 

D2 (f, g) = l2 (f, g)=  

 
Step8:- While (Ti= =Oi)   %( where Ti  is 
the test image and Oi is  the object 
images) 

n another test 
age and object images 

image 
nd its Euclidean distance metrics. 

{ 
Repeat all procedure o
im
 
Step9:- Now we have ‘N’ object 
a
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Step10:- Then Calcul Manhattan 

1(f, g  =      |fi – gi|

 as 
Accuracy= (Tp+Tn) / N      

 

       

   Fn = Count of false negative. 
End 

 
5. DA TS: 

TEST IMAGE DATA: 

ate 
Distance (D1)           
D ) = l1(f, g)
         }    
Step11:- Evaluate Accuracy

N=Tp+Fp+Tn+Fn    
% whre Tp = Count of true positive 

       Fp = Count of false positive 
       Tn = Count of true negative 
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Graph show the Euclidean distance D1 and Object 
Image D2 
 

 
 

 
Graph show the Manhattan distance  and Object 
Image distance which show the similarity measure 
between TestImage2 and Object Images 
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Graph show the Manhattan distance TestImage2 
and different Object Image distance which show 
the similarity measure between TestImage2 and 
Object Images 
 
 

6. CONCLUSION: 
 

In conclusion, this thesis has presented 
several novel techniques for invariance feature 
extraction used in the CBIR. They achieve 
significant improvement in retrieval accuracy. The 
proposed techniques describe the similarity match 
between Object Images and Test Images. The Test 
images of the color feature must match with the 
color feature of the Object Images. The proposed 
methods were based on the distance similarity 
matrices of images. We use different matrix for 
such as Euclidean, Manhattan, chebyschib this 
discipline has been showed to be suitable for 
general images. 
 

7. FUTURE WORK: 
 

Possible improvements and further studies on 
the proposed methods are addressed below 
 
• In the distance similarity measure method, the 

number of same images could be assigned 
dynamically. This means, we are calculating the 
distance with the pixels for Euclidean1. This 
would improve the performance but might slow 
down the feature extraction process. Moreover, 
variation in feature vector dimension makes the 
image matching complex. One solution to this 
problem can be partitioning the database images 
according to the respective feature vector 
dimension. In the matching process, the features 
extracted from the query image need to be 

compared only with the similar dimension 
features of the database images.  

 
• The Manhattan distance must be calculated in 

above then we correlate it, which is described 
above, can be applied to the Eigen vector 
method as well. Here it indicates dynamically 
assigning an appropriate sector size for different 
images based on the existing density of pixels 
.The same problem of complex matching will 
arise, which could be solved as described.  
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Abstract 
Mobile communication aims at transmitting 
multimedia data and at the same time provides 
guaranteed quality of service (QoS) to all the 
applications. The challenge is to develop an efficient 
allocation scheme for assigning resources without 
compromising the QoS. In meeting this challenge, 
this paper proposes an evolutionary neural network 
approach with dynamic allocation to utilize 
frequency spectrum efficiently and to reduce call 
blocking probabilities. 
 
Keywords: Neural Network, Mobile network, call 
blocking probabilities, dynamic channel, QoS, 
Multimedia. 
 
1.0 INTRODUCTION 

The rapid growth in recent demand for 
mobile telephone services and the limited nature of 
the electromagnetic spectrum allocated for this 
purpose makes solving the problem of channel 
assignment a more critical one. The channel 
assignment problem (CAP) is to efficiently allocate 
channels or frequencies to each cell in the cellular 
network, while satisfying the electromagnetic 
interference constraints.  The new generations of 
wireless access system offers wideband services, 
such as multimedia thus moving the trend towards a 
larger number of cellular users, the reality here is that 
the available frequency spectrum for allocation to 
these users becomes more limited. Consequently, the 
effective use of channel frequencies becomes more 
and more important. The CAP is classified as an NP-
complete problem [63, 76, 41, 60, 59] meaning that 
as the size of the problem increases, the time 
required to solve the problem increases in an 
exponential form and not in a polynomial form. That 
is it requires a search space which exponentially 
increases in order to identify the best channel 
combination among the cells as the numbers of the 
base stations and users increases. Most approaches to 
the CAP have been developed under the assumption 
that the base-stations are regularly distributed over 

the service area. As a result, the channel assignment 
at each cell should consider the Co Channel 
Interference effect only on these adjacent cells. 
However, a spectral efficiency per unit area obtained 
from macro-cellular systems is not sufficient to 
support the exponentially increasing demand for 
wireless data service because the area covered by one 
macro-cell is too large [21]. 

Due to the radio interference between 
frequency spectra, [70] stated that the channel 
assignment must fulfill three constraints which are 
normally determined by the characteristics of the 
radio frequency propagation and spatial density of 
the expected traffic requirements. The constraints 
are: (i) The Co-Channel Constraint (CCC): The same 
channel cannot be assigned to a pair of cells within a 
specified distance simultaneously. (ii) The Adjacent 
Channel Constraint (ACC): Adjacent channels 
cannot be assigned to adjacent cells simultaneously. 
(iii) The Co-Site Constraint (CSC): The distance 
between any pair of channels used in the same cell 
must be larger than a specified distance. 

Channel allocation is viewed as a large-
scale dynamic optimization problem with multiple 
goals and constraints in a stochastic environment. 
Reinforcement learning approach [47], evolutionary 
algorithms [36, 29], heuristic oriented search [28], 
neural network and other computational intelligence 
approaches [9, 51, 18, 70, 16, 10, 11, Kendall and 
Mohammad, 2004,36, 28] have been employed alone 
or in combination with others to solve the CAP. The 
advantage of these approaches is that they consider 
environmental dynamics and the intelligence 
strategies can be adapted in accordance with 
information obtained in the behavior of the 
environment. Among the evolutionary algorithms, 
genetic algorithms (GA) play an important role with 
their exhibition of implicit parallelism associated 
with the ability to effectively explore information 
over large search spaces. GAs have becomes very 
efficient in solving any difficult optimization task 
and NP-complete problems. In this work we are 
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combining the search ability of Genetic Algorithm 
with Neural network model to address the CAP. 
 
1.1 RESEARCH MOTIVATION 

The effect of congestions in mobile 
communication networks is quite obvious and 
reflects the inability of such network to provide 
satisfactory quality of service (QoS) to the network 
subscribers. Inefficient allocation of the limited 
channel resources to cells in the networks remains a 
challenge and a major cause of congestions in mobile 
communication networks. The need for a more 
efficient scheme to address the channel allocation 
problem in mobile communication network drives 
the motivation for this work. 
 
1.2 PROBLEM STATEMENT  

Channel allocation is viewed as a large-
scale dynamic optimization problem which is NP-
complete in nature. The wideband kind of services 
such as multimedia being offered by new generations 
wireless access system makes the CAP more critical. 
Existing allocation schemes have not been able to 
address this problem effectively due to its NP-
complete nature. Computational intelligence 
approaches have however proved effective for this 
type of problems and have been applied alone or in 
combination with others to address such problem. In 
this work we are combining the advantages of two 
computational intelligence techniques: Genetic 
algorithms with its ability to quickly produce a near 
optimal solution over a large search space and neural 
network with the ability to easily produce a local 
optimal solution within a small search space to solve 
the CAP with the aim of arriving at an efficient 
optimal solution to the problem. 

1.3 RESEARCH OBJECTIVES 
The specific Objectives are to:  

i. Survey the different approaches to the CAP 
in mobile communication networks 

ii. Develop an efficient model for optimal 
channel utilization in cellular mobile 
network  

iii. Simulate the model in (ii) above 
iv. Implement and assess the proposed model.  

1.4 RESEARCH METHODOLOGY 
i. State of the art review of existing channel 

allocation models 
ii. Development of an optimal channel 

allocation model using evolutionary neural 
network approach 

iii. Simulation of the model in (ii) using 
MATLAB 

iv. Performance evaluation of the proposed 
model 

 
2.0 LITERATURE REVIEW 

The challenge of congestion control in 
wireless mobile networks is not novel. Both 
intelligent based and non-intelligent based 
approaches have been adopted to address the 

challenges. Various channel assignment schemes 
have been studied widely to find better ways to 
assign channels to calls and to achieve higher level 
of channel reuse. The fixed channel allocations 
(FCA) [4, 19, 73, 46] allocate channels permanently 
to each cell based on predetermined estimated traffic. 
FCA scheme is simple but it does not adapt to the 
changes in traffic conditions. In [38, 74], there is no 
permanent allocation of channels to cells. Rather, the 
whole set of available channels is accessible to all 
the cells, and the channels are assigned on a call-by-
call basis, in a dynamic manner. Dynamic methods 
have better performance than FCA methods for light 
to medium traffic load [77, 74, 33]. Most of the 
proposed DCA algorithms are based on heuristics, 
and do not guarantee an optimal solution. In addition, 
many existing DCA schemes consider a simplified 
problem with only co-channel constraints [19, 38, 34, 
13, 40, 65]. Hybrid allocation [15, 76, 78, 2, 61] 
combined the features of both fixed and dynamic 
techniques to overcome the drawbacks. Hybrid 
allocation performs better than other channel 
allocation schemes in terms of call dropping and 
blocking by using hot-spot notification and central 
pool [37, 71, 74].  
 In [9] an effective and efficient Hybrid 
Discrete Binary Differential Evolution Algorithm 
(HDB-DE) was presented for the solution of 
Dynamic Channel Assignment Problem. The features 
of HDB-DE help in achieving fast convergence and 
good solution. Their approach took care of the soft 
constraints as well as some hard constraints and 
hence focuses search only in the feasible regions of 
the search space resulting in fast convergence. The 
obtained results and their comparison with those 
obtained by the other methods established the 
superiority of HDB-DE over other methods and 
indicate its suitability for the solution of even bigger 
instances of dynamic channel assignment in cellular 
networks resulting in lower call rejection probability, 
higher capacity utilization and a good quality of 
service. Some of the hard constraints were not 
however considered. [57] proposed a GA-based 
channel allocation scheme that fairly supports best-
effort users in a microcellular system was proposed. 
He had argued that the conventional scheme does not 
properly support the users far from the serving base-
station, because it chooses the channels which 
improve the performance of the near users. To solve 
this problem, the proposed scheme finds the channel 
set maximizing the far users' performances while 
allowing a pre specified loss of overall performance. 
They did not consider any of the soft constraints. In 
[7], an optimization algorithm based on GA is 
proposed to solve the channel assignment problem in 
the cellular mobile network to achieve lower call 
dropping or call blocking probability and capable of 
mimicking the evolutionary process in nature in 
order to optimize the channel assignment problem 
was proposed. Its characteristics to evolve through 
generations and to select the fittest optimum 
chromosomes enable it to be self-optimized from 
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generation to generation. The proposed GA-based 
algorithm was able to perform the channel 
optimization smoothly with minimum level of calls 
blocked. Only hard constraints were considered in 
this work. [29] developed a reliability-based model 
that uses the GA to optimize the reliability in mobile 
computing network was proposed. The proposed 
model was an effective approach to make the 
network connections more reliable. It has been 
observed that the well-managed and efficient usage 
of the better channels (with lower failure rates) and 
delivering them to the mobile hosts greatly increases 
network reliability. They claim this to be the first 
work that conducted the CAP based on reliability 
values. None of the hard or soft interference 
constraints were considered. 

In [53, 54, 55, 56], a more effective channel 
allocation scheme is introduced. The Multiple Cell-
Multiple channel Multimedia Unbalanced DCA 
(MMDCA), that uses different cells in the neighbor. 
Thus, multiple channels can be assigned from 
different cells for supporting a video call. With this 
technique, low call dropping and blocking 
probability can be achieved due to multiple channel 
availability among different neighbor cells. They 
only considered some of the hard constraints. [82] 
proposed two efficient integer linear programming 
(ILP) formulations, for optimally allocating a 
channel (from a pool of available channels) to an 
incoming call such that both “hard” and “soft” 
constraints are satisfied. Their first formulation, 
ILP1, does not allow channel reassignment of the 
existing calls, while their second formulation, ILP2, 
allows such reassignment. Both formulations can 
handle hard constraints, which includes co-site and 
adjacent channel constraints, in addition to the 
standard co-channel constraints. The simplified 
problem (with only co-channel constraints) can be 
treated as a special case of their formulation. In 
addition to the hard constraints, they also considered 
soft constraints, such as, the packing condition, 
resonance condition, and limiting rearrangements, to 
further improve the network performance. [71] 
proposed a scheme carried in the general context of 
channel allocation issue involved in cellular 
networks at heavy load situations. They illustrated 
the efficiency and flexibility of hybrid channel 
allocation algorithm along with a slight modification 
in conventional algorithm by introducing the channel 
retrieval phase which retrieves back the channels 
with BS, borrowed from MSC and are unused and 
allocates the same to some BS requiring it and thus 
resolving the limitation of MSC of being exhausted 
of communication bandwidth to serve further calls in 
heavy load. This work gave better result than the 
simple hybrid channel allocation scheme that was 
proposed in [37] in terms of call dropping 
probability. Both schemes did not consider the 
interference issues. In [62], a new Genetic 
Algorithmic approach to solve Static Channel 
Allocation Problem was proposed. Their main goal 
was to assign channels to cells with efficient usage of 

bandwidth. The methodology consists of new 
crossover and mutation techniques, based on the 
reuse distance of channels. In crossover the selected 
channels from an individual will be used for 
generating a new child for next generation through 
which utilization and reassign of channels will be 
efficient. In mutation selecting the channel, checks 
within individual and reassigns the channel based on 
the reuse distance. Soft interference constraints were 
not considered in this work. [81] proposed a novel 
integer linear program (ILP) formulation that jointly 
optimizes channel allocation and power control for 
incoming calls, based on the carrier-to-interference 
ratio (CIR) was presented. In the approach a hybrid 
channel assignment scheme is used, where an 
incoming call is admitted only if a suitable channel is 
found such that the CIR of all ongoing calls on that 
channel, as well as that of the new call, will be above 
a specified value. Their formulation also guaranteed 
that the overall power requirement for the selected 
channel will be minimized as much as possible and 
that no ongoing calls will be dropped as a result of 
admitting the new call. They did not consider any of 
the soft constraints. In [68] a channel allocation 
model is proposed based on mutual exclusion 
algorithm for distributed system. Requests time 
stamped with Lamport’s clock are sent by a MSS to 
its neighboring MSSs to transfer a free channel to 
support a communication session. No consideration 
was given to the interference constraints. [29] 
proposed a GA based fault tolerant channel 
allocation to minimize the average number of 
blocked hosts and handoff failures in mobile 
computing environment. They consider handoff 
problem by using channel reservation and channel 
borrowing techniques. This technique was not based 
on any consideration of the interference constraints. 
[45, 30] have applied modified GA for channel 
allocation for DCA. A new genetic operator was 
introduced for improving a simple GA. No 
consideration was given to the soft constraints. 

In [30] a model was developed that utilizes 
the Global Positioning System (GPS) data for tracing 
the hosts’ likely movements within and across the 
cells and allocates the channels to the mobile devices 
accordingly. The allocation of the channels to the 
mobile hosts is deterministic in the sense that the 
decision of the channel allocation is based on the 
realistic data received from the GPS about the hosts’ 
movements. The interference constraints were not 
considered. [18] proposed procedures to generate 
lower bounds on the number of total frequencies 
while respecting all the channel constraints. In [70], a 
sequential heuristic algorithm based on the first 
algorithm introduced by [18] was developed and 
applied to several problems, where the values of total 
frequencies in solutions are shown without any 
actual assignment results. Unfortunately, none of the 
existing heuristic algorithms can find the lower 
bound solutions in all of the 13 instances for [70] 
benchmark problems. Lemmas formulated by [18], 
have been extensively used to test algorithms 
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proposed to solve the Channel Allocation Problem 
(CAP) [16, 79, 14]. Among basic strategies to solve 
the CAP include the Frequency Exhaustive 
Assignment (FEA) and Requirement Exhaustive 
Assignment (REA) heuristics. Considering a recently 
ordered set of the available frequencies, the FEA 
strategy assigns calls to the minimum available 
frequencies, while respecting the constraints. On the 
other hand, using REA, the lowest available 
frequency is assigned to the maximum number of 
calls that is possible respecting the constraints. Many 
works have used combinations of FEA or REA 
together with other techniques, in order to find near 
optimal solutions. In [70], three local search 
algorithms to solve the CAP, named CAP1, CAP2 
and CAP3 were developed. The best result was 
obtained by CAP3. None of the soft constraints was 
considered. [51] proposed a two-stage algorithm for 
channel assignment problem by combining 
sequential heuristic algorithms into a parallel neural 
network algorithm. In 1991, [35] used the continuous 
Hopfield network, where the output of each neuron 
Vi was a fixed function f of the internal state ui, i.e., 
Vi=f(ui) , where f(x)=1/2(1+tanh(λ x)). The neural-
network model of [35] required a large number of 
iterations in order to reach the final solution, and 
there were also difficulties in finding the proper 
values for and the parameters in the interconnection 
weights and energy function. He considered only co-
channel and co-site interference in his neural-
network model.  

In [49], a centralized dynamic allocation 
was employed with ticket scheduling technique to 
handle calls of the same priority. Buffers at various 
locations in the network, is introduced to handle the 
blocked real-time and non-real-time handoff in order 
to keep the quality of service of handoff calls. Before 
allocating channels to calls, if call request for 
channel arrive at the same time, the scheme gives 
priority to hot spot calls before cold spot calls if the 
cold spot call is non-real-time. However, if call 
comes from the same cell and of the same type, 
ticket scheduling is also invoked to serve the calls. 
This is an important step forward from other 
conventional static strategies that may be employed 
by network operators. New non-real-time traffic is 
assumed to be delay-tolerant and the capability of 
buffering the delay-insensitive real-time and non-
real-time traffic is added. The scheme prevents 
traffic congestion because of its implementation at 
the base station subsystem of the network. The 
scheme is modeled with a multidimensional Markov 
chain. None of the interference constraints was 
considered. In [50] a dynamic multiple-threshold 
channel allocation scheme for cellular wireless 
networks with one-level buffer was proposed. The 
thresholds were dynamically adjusted according to 
the current network traffic situation and QoS status. 
The single buffer was used to queue both real-time 
and non-real-time handoff calls in case of 
unavailability of channel at the arrival of such calls. 
Their objective was to provide QoS by keeping the 

real time and non-real-time handoff connection 
dropping probability below the predefined bound 
even under a network congestion situation. Also to 
maintains the relative priorities among real-time calls 
and non-real-time calls in terms of the new 
connection blocking probability according to their 
traffic profiles and instantaneous traffic situations. 
The work was not based on any consideration of the 
interference constraints.  

[1] implemented a genetic algorithm 
approach to address the frequency allocation problem 
in a wireless network. They did not consider the 
interference constraints in their implementation. In 
[10] an evolutionary approach for frequency 
assignment problem in cellular radio networks was 
presented. [76] presented an evolutionary strategy 
was used to solve the CAP for a hybrid channel 
allocation, with consideration given to a smaller set 
of constraints. The co-site interference constraint was 
left out of consideration. [16] proposed a three-stage 
genetic algorithm, combined with FEA strategy to 
solve the CAP. In [11], a simulated annealing meta-
heuristic was applied to solve the CAP, but the 
compatibility matrix, used in that work, treated all 
interference relations between base stations with 
equal strength. A different set of instances and a 
graph coloring approach were used. Same approach 
was also adopted in [12, 43, 20]. None of the soft 
constraints was considered 

In (Fernando and Fapojuwo, 2002) a 
Viterbi-like algorithm (VLA) was proposed to solve 
the CAP. The VLA is based on the original Viterbi 
algorithm used for information decoding in digital 
communication systems. The VLA uses as metric, 
instead of the Hamming distance, the excess 
frequency factor which is defined by the adjacent and 
co-channel constraints, compared with the difference 
of the frequencies assigned to a pair of cells. Soft 
constraints were left out of consideration in this 
work. To find the solution to the CAP (Kendall and 
Mohammad, 2004) described a hyper-heuristic 
strategy. The hyper-heuristic is a problem 
independent strategy (high level), that manages a set 
of low level heuristics (LLH), defining the borderline 
of the data flow. It combines a greedy constructive 
heuristic to generate the initial solution, and then a 
group of LLH is used to improve the solution 
quality. An algorithm chooses which heuristic will 
be used each time. The work did not consider the soft 
constraints. In (Liu et al., 2000) and (Gomes et al., 
2001) GRASP (Greedy Randomized Adaptive 
Search Procedure) approach was used to solve the 
CAP, both using a graph coloring model. In (Liu et 
al., 2000) GRASP was combined with simulated 
annealing in the local search phase. In (Gomes et al., 
2001) GRASP was combined with Path Relinking as 
a strategy for local search. No consideration of the 
interference constraints was considered. 
 
2.1 Genetic Algorithm 

Genetic Algorithm is one form of 
evolutionary algorithm (EA) which originates from 
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the principal of natural selection and survival of the 
fittest, and constitutes an alternative method for 
finding solutions to highly-nonlinear problems, by 
exploring multimodal solution space (Chia et al., 
2011). It is a search algorithm based on the 
mechanics of natural selection, genetics and 
evolution. Figure 1 shows the genetic flowchart.  
They have been used in a variety of applications. In 
(Sancho et al., 2008) a hybrid genetic algorithm was 
used for optimal switch location in mobile 
communication networks. (Chandralekha and 
Praffula, 2010) used genetic algorithm to minimize 
the number of handoffs in heterogeneous wireless 
networks. (Aizaz et al., 2012) implemented genetic 
algorithm in dynamic channel allocation. Genetic 
algorithms work with a large population of solutions 
with each solution represented as a chromosome. A 
population is a collection of chromosomes 
(solutions). As in genetics, a chromosome contains 
several genes. Chromosomes are often represented in 
binary numbers with each binary bit corresponding 
to a gene. From the population of solutions, GA 
selects the best possible solution on the basis of a 
threshold or fitness function which is unique for 
every optimization problem. The fitness of each 
chromosome in the population is measured, and the 
best chromosome is selected. GA ensures a quicker 
convergence to the near-optimal solution (Rincy and 
Jude, 2011).Formulating the fitness function is the 
most crucial part of the genetic algorithm 
development. The fitness function is designed such 
that the best chromosome corresponds to the one 
with the least fitness value. For simplification the 
chromosomes and their fitness values can be 
represented in a matrix A as shown below. 

 A = 
                   ....
                   

 

 
Where string 1 …string n represent the chromosome 
and f(x1) …f(xn) represent the fitness value. Once 
the fitness values have been generated for each 
chromosome, half of the population size with the 
best fitness values (least fitness values) is selected 
and used to generate new chromosomes through the 
process of crossover and mutation. Crossover is the 
process where two chromosomes known as the 
parent chromosomes are combined to form two new 
chromosomes known as the child chromosomes. 
Crossover can be either one-point or two-point 
crossover. In Mutation only one parent is involved in 
forming a new chromosome. Some random genes are 
selected for mutation or change. 

2.2 Neural network  
Neural networks are algorithms for 

optimization and learning based loosely on concepts 
inspired by research into the nature of the brain. 
They generally contain the following components as 
shown in figure 2: 
 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 1: General flowchart of Genetic Algorithm 
 

 
Figure 2: A neural network Model (David, 2010) 

 
• inputs – Neuron consists of n inputs 

representing dendrites of the biological 
model. We can formally denote them as a 
vector (x1; x2; : : : ; xn). 

• weights – Each input is weeded with its 
synaptic weight. The weight simulates the 
permeability of the membrane. The bigger 
the weight is, the more permeable 
membrane would be in the corresponding 
biological neuron. Therefore we can write 
the weights as a vector of n numbers 
(w1,w2,…,wn). 

• bias – According to biology, the neuron 
provides an output when the threshold is 
reached. Negative value of the threshold t is 
represented as a weight of a special input in 
the artificial model called bias. It means w0 
= -t. For its formal input x0 holds that at any 
time x0 = 1. Hence the value of bias w0 is 
fully used when computing an inner 
potential. 

• inner potential – The weighted sum of all 
inputs (including the bias) is called inner 
potential. Formally: it is given as  

 

• activation function – Inner potential is 
evaluated by an activation function.  
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Evaluation  Selection 
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New 

Termination 
Criteria ? Stop 

Yes 

N

(IJCSIS) International Journal of Computer Science and Information Security, 
Vol. 12, No. 2, February 2014

45 http://sites.google.com/site/ijcsis/ 
ISSN 1947-5500 



 
 

• output – The value of the activation 
function is denoted by y. It is the output of 
the neuron 

 
2.3 PROBLEM FORMULATION AND 
 REPRESENTATION 

The channel assignment problem being 
addressed in this work is based on a common model 
in which the service area of the system is divided 
into a large number of hexagonal cells and every user 
located in one cell. Our channel allocation scheme 
under consideration is the Dynamic Channel 
Allocation scheme. When a user service requests 
comes to the system, a channel or frequency 
spectrum is assigned there to provide the 
communication service. This channel assignment 
must satisfy certain constraints to avoid radio 
interference between channels, avoid congestion in 
the network and provide a good quality of service to 
users (see figure 3). Three types of constraints have 
usually been considered in channel assignment 
problem. 
i) The Co-channel Constraint (CCC): The same 
channel cannot be simultaneously allocated to a pair 
of cells unless there is a minimum geographical 
separation between them. Figure 3 
ii) The Adjacent Channel Constraint (ACC): 
Adjacent channels cannot be assigned to adjacent 
cells simultaneously. In other words, any pair of 
channels in adjacent cells must have a specified 
distance. Note that the distance indicates the 
difference in the channel domain. 
iii) The Co-site Constraint (CSC): Any pair of 
channels in the same cell must have a specified 
distance. This distance for CSC is usually larger than 
that for ACC.  

The goal of channel assignment problem is 
therefore to find a channel assignment to every call 
request with the minimum number of channels 
subject to the above three constraints. 

 

 
Figure 3: Co-Channel interference (Deepak et al, 

2012) 
 
A solution to the CAP must satisfy the hard 
constraints whereas a soft constraint may be violated. 
Soft constraints help to maximize the utilization of 
resources and/or improve the quality of service 
(Deepak et al, 2012). A main focus of this work is to 

maximize the utilization of the limited channel 
resources in order to improve the quality of service 
provided by the network. Hence in contrast to most 
works on channel allocation, we will consider 
together with the hard constraints all soft constraints. 
The following known soft constraints explained in 
(Deepak et al, 2012) and (Wu et al., 2010) will be 
considered:  
(a) Packing condition (PC): try to use the minimum 
number of channels every time a call arrives. This 
condition encourages the selection of channels 
already in use in other cells as long as the hard 
constraints are satisfied. This will minimize the 
number of channels used by the network and lower 
the probability of future call blocking 
(b) Resonance condition (RC): try to assign the same 
channels to cells that belong to the same reuse 
scheme. The purpose of this approach is to leave as 
many channels as possible to be allocated to other 
cells belonging to other reuse schemes. 
Consequently, the probability of causing co-channel 
interference in the system is reduced. 
(c) Limiting rearrangement (LR): try to assign, 
whenever possible, the same channels assigned 
before to the existing calls, thus limiting the 
reassignment of channels. Channel reassignment is 
the process of transferring an ongoing call to a new 
channel without call interruption. Such reassignment 
in the entire cellular network upon the arrival of a 
new call will obviously result in lower call blocking 
probability. However, it is complex, both in terms of 
time and computation (Wu et al., 2010). Therefore, 
the reassignment processes should be limited to a 
low level. On this account, limiting rearrangement 
condition is used to prevent excessive reassignment 
in a cell (Wu et al., 2010). 

Channel assignment in this work will follow 
the problem formulation by (Funabiki et al, 2000) 
and also used in ((Deepak et al, 2012), (Omid, 2011), 
(Omid, 2010)). The three constraints for the channel 
interference in the N- cell system are described by an 
N x N symmetric compatibility matrix C. The non-
diagonal element cij (i ≠ j) of C represents the 
minimum distance between a channel assigned to 
cell ≠ i and a channel to cell ≠ j. The diagonal 
element Ciiof C represents the distance between a 
pair of channels assigned to cell ≠ i. Thus, CCC is 
described by Cij=1, ACC is by Cij ≥ 2 and CSC is by 
Cii≥ 1 in C, respectively.  
 
2.4 CHANNEL ALLOCATION AND 
 FREQUENCY REUSE 
 Any efficient channel allocation scheme 
must reuse mostly the available frequency by 
considering the minimum frequency reuse 
constraints. A channel allocation method always 
considers important parameters like frequency 
reusability, minimum frequency reuse constraints 
and changing traffic. Frequency reuse enables the 
support of more users and becomes paramount when 
considering how the scarce frequency resources can 
be adequately managed to serve the ever increasing 
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subscribers. (Saghaei et al., 2013), (Arafat et al., 
2013) and (Wolfgang et al., 2013). Hence by 
applying frequency reuse we guarantee more users 
will be served by the network operator which means 
more users with same number of frequencies and this 
leads to decrease in cost. (Jian et al., 2011) proposed 
a novel technique for dynamic frequency reuse that 
will lead to more efficient utilization of the shared 
spectrum, according to them, dynamic reuse of 
channels will enable a base station to reuse all 
allocated spectrum. (Hyang Sin et al., 2011) focused 
on the usage of end-to-end devices as a cellular 
network to achieve tremendous multimedia load by 
improving cell capacity by efficiently and 
intelligently allocating available channels. (Imran et 
al., 2010) proposed a novel way for self-organizing 
and adaptive frequency reuse.  

3.0 METHODOLOGY 
All three hard constraints can be represented 

with the help of a compatibility matrix C which is N 
x N symmetric matrix as shown in figure 4, where N 
is the number of cells in the network. The following 
can be deduced from the matrix: 

• Each diagonal element Cij shows the CSC, 
which is the minimum separation in 
frequency between any two channels at cell 
i. 

• If Cij = 0 ; there is no constraint in channel 
reuse in between cell i and  j. 

• If Cij = 1 ; there is a CCC 
• If Cij = 2; there is a ACC 
• If Cii>= 1; there is a CSC 

 
 
 
  
 
C   = 
 
 
 
 
 
 
 Figure 4: Compatibility Matrix 

An assignment/allocation channel by cell 
matrix A (Figure 4.) reflects which channel is 
allocated to which cell. Ai,j is 1 if channel j is 
assigned to cell i and 0 otherwise . 
Also an allocated channel vector V of dimension 1 
… number of channels in the network (Figure 5) 
shows the channels presently allocated to the cell k 
in which a call has arrived and requesting a channel 
to service the call request. 

 

 

 

 

 

 
 
 
  
 
A  = 
 
 
 
 
 
 
  
 Figure 4: Allocation/Assignment Matrix 
 
 
 
 
 
 V =  
 
 
 
 
 
  

 Figure 5: Selected channel vector 

3. 1 The Evolutionary Neural Network Models 
In addition to the hard constraints already 

considered, our own approach to the problem gives 
full consideration to both hard constraints and soft 
constraints. The set of equations (1) to (6) defines 
our approach to the formulation and representation of 
the CAP as an optimization problem incorporating 
all three hard constraints (CCC, CSC and ACC) and 
soft conditions (PC, RC and LR) already explained. 
Equations (1) and (2) are similar to the functions 
used by (Omid, 2011) to represent the CCC, ACC 
and CSC hard constraints. We have however 
introduced weights to determine the significance of 
the hard constraints. Equations (3), (4) and (5) are 
similar to functions used by (Deepak et al, 2012) to 
represent the soft conditions. We have introduced 
equation (6) to the combined functions used 
separately by (Omid, 2011) and (Deepak et al, 2012) 
to arrive at equation (7) which is now our new 
optimization function for the CAP problem in this 
work. 
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Where 

1    0  1 1
0                                                                                              

 

 
Equation (1) states the adjacent channel 

constraint and co-channel constraint. Here Vk is an 
output vector for cell k, with dimension channel 
(cha). Vk,j=1 if channel j is selected to be assigned to 
cell k, otherwise Vk,j=0. Here k signifies the cell in 
which call arrives. The energy function EACC,CCC 
increases if a channel j which is assigned in cell i is 
selected by cell k and interference occurs as a result 
of that selection. It thus ensures that solutions with 
no interference give betterfitness values. Ai,jis the ijth 
element of the assignment table A, which is 1 if 
channel j is assigned to cell i, and 0 otherwise. 
 

 

,  ,

                                                                         2  

Where 

1          1 1
0                                                                                          

 

 ,  ,
1

              3  

i ≠ k 
 

Equation (3) states the packing condition. 
The energy decreases if channel j assigned to cell k is 
also selected by cell i andCCCik =0. Energy 
reduction depends on the distance between i and k. 
The packing condition requires that a channel, in use 
in one cell, should be reused in another cell as close 
as possible without the channels  interfering with 
each other so that the number of channels used by the 
network is minimal, thereby lowering the probability 
of future call blocking in other cells. If this condition 
is satisfied, it further reduces the energy function 
 

 

,  ,

1                                                                                   4  

i ≠ k 
 

Equation (4) symbolizes the resonance 
condition. Where RCik is a function whose value is 1 
if cells i and k belongs to the same reuse scheme, 
otherwise 0. The resonance condition tries to ensure 
that same channels are assigned to cells that belong 
to the same reuse scheme, as far as possible. 
 

 ,

 ,                                                                                      5  

Equation (5) subtracts 1 from the energy 
function when a channel j assigned in cell k for an 
existing call before the arrival of a new call, remain 
the channel assigned to the call without reassigning 
new channel for that existing call. Limiting 
rearrangement try to assign, whenever possible, the 
same channels assigned before to the existing calls, 
thus limiting the reassignment of channels. Channel 
reassignment is the process of transferring an 
ongoing call to a new channel without call 
interruption. Such reassignment in the entire cellular 
network upon the arrival of a new call will obviously 
result in lower call blocking probability, but it is 
complex, both in terms of time and computation. 
Therefore, the reassignment processes should be 
limited to a low level. On this account, limiting 
rearrangement condition is used to prevent excessive 
reassignment in a cell (Wu et al., 2010). 

Equation (6) is introduced to discourage 
channels being allocated to cells that have reached 
the maximum number of channels (Mcha) specified 
for each cell in the network. If the number of 
channels already assigned to a cell requesting for 
channel has reached Mcha, it will maximize the 
function value and makes it a lesser choice for 
selection. That is it will reduce the chances of the 
channel being selected for allocation to the cell. 

 ,                                                                                              6  

From equations (1) to (6), the energy 
function E for cell k becomes 

,  , ,  ,

 ,  ,
1  

,  , 1 ,  ,  

 ,                                                                

,
                                   7  

The constants W1, W2, W3, W4 and W5 are weights 
introduced to determine the significance of the 
various conditions 

Our task becomes to optimize the energy 
function represented in equation (7). This energy 
function can be minimized using Hopfield neural 
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network with the appropriate interconnection weights 
and the external inputs. However the drawback with 
the use of neural networks in solving optimization 
problems is that they produce local optimal values 
rather than global optimal values and that the 
solution depends on the initial values of the neurons 
and weights(Jamal and Zouchair, 2011). Many 
approaches have been used to try control the 
converging of the neural network at local minimal 
considering the challenge of being able to set the 
initial values of the network rightly to be able to 
arrive at a global optimal solution. 

 

3.2 EVOLUTIONARY NEURAL NETWORK 
 MODEL 

In this work, we will approach the 
combination of GA and NN in addressing the CAP 
from three different angles. In each case, the number 
of genes in each chromosome of the GA is 
equivalent to the number of neurons in the NN and 
equal to the number of cells in the network. Each 
chromosome represents a channel in the network 
hence the number of channels in the network is 
equivalent to the number of chromosomes that make 
up a population in each generation of the GA and 
determines the stopping criteria in the NN. 

In the first approach figure 5, the initial 
population of the GA is randomly chosen and 
subjected to the GA operations of selection, 
crossover and mutation to produce a near optimal 
solution. The optimal solution from the GA process 
is then used to initialize the values of the NN and 
trained to produce an optimal solution.  

 
Generate initial popula tion of solutions (channel that

could be assigned)
Perform crossover

Perform mutation

Select GA optimal
solution

Initialize NN nodes with equivalent values
from GA optimal solution andrandomly

set NN weight and threshold values

Select NN optimal
solution

Train the NN

Assign NN selected
channel

Stop

Stop
Criteria

satisfied?

Stop
Criteria

satisfied?

N0

N0

Yes

Yes

 
Figure 5: Flow diagram for the first approach 

In the second approach Figure 6, each 
chromosome in the randomly selected initial 
population of the GA is used to initialize the values 

of the NN and trained to produce a feasible solution; 
the optimal solution produced for each chromosome 
replaces the chromosome in the initial population of 
the GA. The present population of feasible solutions 
in the GA is then subjected to the GA operations of 
selection, crossover and mutation to produce an 
optimal solution. 
 

 
Figure 6: Flow diagram for the second approach 
 

Make each solution in the
population feasible by using NN
to optimize each chromosome
by setting the initial values of
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values of each string and train
the NN
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Figure 7: Flow diagram for the third approach 

In the third approach figure 7, the optimal 
solution produced in the GA in the second approach 
is once again used to initialize the values of the NN 
and trained to see if a better optimal solution could 
be obtained. The solution obtained is compared with 
that generated from the second approach and the 
better one is chosen. 

In the approaches discussed, the 
combination of GA and NN is such thatone is either 
used to set the initial values of the other or ultimately 
used to obtain the final optimal solution. GA will be 
used to set appropriate initial input data for the NN 
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and NN will be used to initially give local 
optimization to each chromosome in the GA to make 
them feasible. Genetic Algorithms are well known to 
be able to provide very quickly an acceptable near 
optimal solution (Maximiano et al., 2008). Meaning 
that genetic algorithms can quickly converge to the 
field of minimal errors, but it is difficult to achieve 
the final convergence (Junsheng, 2013). Unlike 
Neural Networks, Genetic Algorithm ensures a 
quicker convergence to the near-optimal solution 
(Rincy and Jude, 2011) which makes it a good 
technique for selecting the initial values of the 
neurons of a neural network. It ensures that the 
neural net converges to an optimal solution since the 
initial values which determine whether an optimal 
solution is attained or not would be values that had 
generated a near optimal solution from the GA. GA 
have been combined with NN to solve diverse 
optimization problems in the past (Jusheng, 2013), 
(Safa and Mohamed, 2013), (Partha et al., 2012), 
(Deepak and Avinash, 2013)  
 
3.2 PROPOSED ARCHITECTURE 
 From the system architecture (Figure 8), the 
network parameters and the fitness function are 
available to both the genetic algorithm and neural 
network modules of the system. The output 
generated by the genetic algorithm module can either 
be used to initialize the neuron values of the NN or 
taken as the optimal solution depending on the 
approach implemented. The neural network module 
of the system could be used to make the randomly 
generated solutions of the GA feasible solutions 
before applying the genetic operations to generate an 
optimal solution or its solution can be taken as the 
optimal solution depending on the approach being 
implemented. In the third approach, output of the 
genetic algorithm module and that of the neural 
network module of the system are compared by the 
solution comparator to decide the best optimal 
solution 
 

 
 

Figure 8: The Proposed System Architecture 
 
3.3 EXPECTED CONTRIBUTION TO 
 KNOWLEDGE 

One major contribution of this work is the 
consideration of all possible constraints (both hard 
and soft constraints) and elimination of unrealistic 
assumptions in addressing the CAP. The soft 
constraints have been proved to add value to the 
quality of service provided when considered.   

Another contribution is the expected 
reduction in the Call drop and call block probabilities 
by the combination of two search techniques to solve 
the CAP. The combination of GA known to produce 
a near global optimal solution over a large search 
space and NN well known to easily produce a local 
optimal solution over a small search space is 
expected to produce a better optimal solution than 
existing methods in the allocation of channels which 
will in turn lead to better results in attempting to 
reduce the call dropping and blocking 
probabilities.Approaching the CAP with a combined 
GA and NN techniques from three different angles 
will help the understanding of how best the two 
techniques can be combined to solve the CAP and 
not just combining them 

Ultimately the successful implementation of 
our proposed model is expected to reduce congestion 
in mobile communication network following the 
expected reduction in call blocking and call dropping 
probabilities across the network. 

CONCLUSION 
This paper demonstrates the efficiency of integrating 
genetic algorithm and neural network approaches 
with dynamic allocation technique in channel 
assignment for mobile networks to improve the 
performance and flexibility of channel allocation. 
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Abstract— Handwritten text line segmentation is an important 

task of Optical Character Recognition. The proposal discusses a 

novel technique for Segmentation of Lines for the handwritten 

text document written in Kannada Language. The algorithm 

imbibes the approach of finding the Components, bounding box 

and computing the coefficient of variance. Preprocessing steps 

such as correction of skewness due to improper scanning as well 

as removal of noise is assumed to have been performed on the 

data. Our technique of line segmentation addresses the key 

complexity issue of variations in the gaps between and across 

lines as well as curly and skew character text of handwritten 

document. The purpose of this paper is to segment line by 

connecting the centroids within the bounding box and employing 

the coefficient of variance. The method has been tested on 

unconstrained Kannada scripts. An experimental result obtained 

by executing the proposed method of line segmentation has 

achieved high degree of accuracy and high performance. 
 
 
Keywords— Centroids, Coefficient of Variance, Document Image  
Processing, Optical Character Recognition, Text line segmentation 
 

I. INTRODUCTION 
 

Segmentation of text line and words in document 

image processing is a complex and crucial step towards 

recognition of unconstrained handwritten document. Offline 

handwritten text segmentation is an important pre-requisite of 

Optical Character Recognition (OCR). Segmentation errors 

 
 
 
 
reduce the accuracy of OCR. The conventional line extraction 

methods are classified as projection analysis, grouping 

mechanism, smearing and Hough methodology [1]. Projection 

based approach works quiet well for machine printed and 

scanned documents however it may not be suitable for 

handwritten documents. Piece wise projection profile is 

suitable for skew angle variation. For constant skew angle text 

lines global projection profile based methods are very 

effective. Grouping approaches are effective in handling 

complex layouts [2]. In case of touching text lines and varying 

skewness, the accuracy is quiet less. Intensive research effort 

in the area of line segmentation for textual handwritten 

documents exists for global languages English, Asian 

languages Chinese and Japanese. As per the literature most of 

the handwritten segmentation work has been carried out in 

Indian Languages like Bangla, Hindi and Gurumukhi. 

[7][8][9]. Few works have been proposed on south Indian 

languages like Kannada and Tamil [11] [12]. 
 

The proposed technique of line-segmentation of 

Kannada handwritten document majorly defines two phase. 

First phase involves classifying the image text into 

components. The next phase uses the coefficient of variance 

value for distinguishing and organizing the components into 

lines. The paper is categorically structured into sections. The 

work related to line segmentation of text documents are 
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captured in Section II. A brief about Kannada language is 

provided in section III. The core technique for text line 

segmentation depicting the method proposed and the dataset 

used for experimenting as well as Result analysis is presented 

in Section IV. The conclusion and summarization for work is 

described in Section V. 
 

II.  RELATED WORK 
 
The process for segmentation of Text lines from documents 

that are machine printed is relatively simple and many 

techniques exist. The challenge is for segmenting the 

documents that are handwritten. In case of handwritten text 

documents the problem is diverse and is complicated solely by 

the nature of writing using hands. So far many research works 

carried out in text line segmentation in English, Chinese, 

Arabic and Devanagari [3] [4] [5]. Zhang and Sang [6] 

proposed tensor voting algorithm for Chinese handwritten text 

line segmentation. In this method morphological processing is 

used for generating connected component. Removal of 

outliners and identification of centroids of the connected 

component are carried-out using 2-D tensor voting principle. 

The direction of the vectors as well as the saliency values 

depicts information for tensors which can be used for 

segmentation. Gupta et al proposed [10] a methodology for 

creating line segmentation of a text document taking into 

consideration the movement of a pen tip. The process involves 

identifying all the connecting components and locating their 

centroids. The centriodal values so found are then linked 

based on the rules of pen tip algorithm. 2D tensor voting 

algorithm helps to remove outlines. The algorithm also uses 

the sparse data points to derive perpetual structures namely 

junctions and curves. The above mentioned techniques work 

better for text lines that are consistent and parallel in a 

specified direction. These techniques have a limitation where 

the text lines are structured inconsistently and lines oriented in 

different directions. 

III. CHARACTERISTICS OF KANNADA SCRIPT 
 
In this section, we describe briefly the core characteristics in 

adherence to Kannada script so as to address the difficulties of 

segmentation. Kannada also known as Canarese is popular in 

South India. It is widely spoken and declared as official 

language in the state of Karnataka. Kannada is an ancient 

language and is derived from Dravidian scripts. The 

population speaking the language of Kannada amounts to 60 

million particularly in the Indian states of Karnataka. The 

main difficulties for segmenting Kannada scripts are due to 

complexity of characters. The characters can be any one of the 

type, standalone vowel, a standalone consonant and a 

consonant modified by a vowel or one or more consonant and 

a vowel. There are 16 vowels and 36 consonants including 

conjunct components (subscript/vatthu) as shown in Figure 1 

and Figure 2 respectively . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Vowels and vowel diacritics with ka 

 
 
Fig. 2 Consonants 
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IV. PROPOSED METHODOLOGY 

 
 
The block diagram in Figure 3 represents the algorithmic flow 

of the proposed line segmentation technique for text 

documentation. The stages are clearly pipelined. The different 

process blocks are: (a) Componentization Process, (b) 

Filtering Process and (c) Line Construction Process. The sub-

section explains the process flow across each stage. 
 
 
 
 

Componentization Process 
   

•  Classify the image into 
 

 

Off-Line    
  connected components   

Handwritten Text     

  •  Identify the bounding box  

Document     

  for each component   

    
     

     
 

 
Line Construction Process 

Filter Process  
 

•  Compute the co-efficient of 
   

 

    
 

  variance for the Vertical co-   •  Eliminate the components  

  ordinates    

    with very small area  

 • Use the variance value to    

    
 

  identify the line    
 

  segmentation    
 

      
 

 
 
 
 

(1) 
 
 
Where  

Xi = Width of the Bounding Box  
Yi = Height of the Bounding Box  
N = Number of Bounding Box 

 
 
Threshold Area = Mean Area * 10% 
 
 
The centroid of all the bounding boxes are then determined. 
Subsequent to the filteration process, the coefficient of 
variance for all the connected components along y-axis is 
computed using the following formula 

 
 
 
 

Text Line 

Segmented image 

 
(2)(3)  

Where 
 

Yi = Height of the Bounding Box 
N = Number of Bounding Box 

 
 

Fig. 3 Block Diagram of the proposed algorithm 
 
 
The algorithm accepts the raw binary image as the input and  

 

identifies   all   the   connected   components   through   the (4)
 

application of two pass algorithm. For each of the components  
 

so found, compute the bounding box. Then the filtering logic Where  

  

is  applied  by  calculating  the  mean  area  of  the  entire  
 

component and eliminating those whose areas are less than 10  
 

percent of the mean area.  
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The formula for finding the variance between two components 
 
 
 

(5)  
Where  

Yp = Height of the Parent Component  
Yi = Height of the Current Component  
µHeight = Arithmetic Mean of the Component Height 

 
 
The line generation algorithm works based on the following 
rules Sort the components taking into account the vertical 
position of the centroid values. 
 
First component is always the top most and is stacked for the 
line component. 
 
Compute the variance between the top component in the stack 
with the next component in the list. 
 
If the variance is less than the coefficient of variance value, 
add the component to the line stack. 
 
Repeat steps 1 to 4 to finalize the image document into line 
segmentation. 
 
 
The following formula is used to compute the accuracy of the 
results 

 
(6) 

 
 
Experimental Results 
 
 
All experiments are conducted on Kannada dataset. This 

database constitutes a collection of various images of 

unconstrained handwritten documentation. These text 

documents are scanned to produce high clarity with a 

resolution of 300 dpi and saved as binary images. Pre-

processing like noise removal and binarization is assumed to 

have been performed on the data. The dataset used for 

experiment contains 200 lines of handwritten documents 

which are collected from different people of various age 

groups. As per the analysis the number of correctly segmented 

lines are 192. 
 
A sample input is shown in Figure 4 and the corresponding 
segmented output is depicted in Figure 5.  
The summary of the experimental result is given below 
 
 

TABLE I  
Accuracy of Segmentation 

 
 

Language Total Lines %of
 Lines correctly accuracy
  segmented  
    

Kannada 200 192 96%

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Input image 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 Output image 
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TABLE II  
Comparative Study 

 
AUTHOR SEGMENTATION SIZE OF SEGMENTATION

 

AUTHOR METHOD DATASET RATE
   

    
 

Alirez Alaei et Potential 204 94.98%
 

al. [14] Piecewise   
 

 Separation Line   
 

    
 

Mamatha HR et Morphological 100 94.5%
 

al. [13] operations and   
 projection profile   

 

 based approach   
 

    
Proposed Computation of 200 96%

 

 Covariance   
 

 
 
 
 

V. CONCLUSION 
 

The paper proposes technique for segmentation 
scheme for documents that are handwritten in 
Kannada Language scripts. The analysis of the 
results of line segmentation clearly indicates that 
the proposed coefficient of variance method is very 
robust. The accuracy of the line segmentation 
algorithm for handwritten document with Kannada 
language is 96%. 
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Abstract— In recent years, stream data have become an 

immensely growing area of research for the database, computer 

science and data mining communities. Stream data is an ordered 

sequence of instances. In many applications of data stream 

mining data can be read only once or a small number of times 

using limited computing and storage capabilities. Some of the 

issues occurred in classifying stream data that have significant 

impact in algorithm development are size of database, online 

streaming, high dimensionality and concept drift. The concept 

drift occurs when the properties of the historical data and target 

variable change over time abruptly in such a case that the 

predictions will become inaccurate as time passes. In this paper 

the framework of incremental classification is proposed to solve 

the issues for the classification of stream data. The Trie structure 

based incremental feature tree, Trie structure based incremental 

FP (Frequent Pattern) growth tree and tree based incremental 

classification algorithm are introduced in the proposed 

framework. 

Keywords— Stream Data, Trie, Discretization, Incremental 

Classification, Feature-Tree 

I. INTRODUCTION 

In recent years, stream data have become a rising 

significant area of research for the database, computer science 

and data mining communities. Stream data is an ordered 

sequence of instances that in many applications of data stream 

mining can be read only once or a small number of time using 

limited computing and storage capabilities. The classification 

results change over time when concept drift occurs. This leads 

to change in data patterns. It is also known as data stream 

evolution. It has some other issues such as size of data, 

dimensionality and online streaming. Generally the data 

mining applications involve millions or billions of records 

with high dimensionality, which make the task of 

classification computationally very expensive. Recent 

applications of Data Mining deals with incremental data so 

whenever the database is updated the reconstruction of the 

classification model is needed, which involves many complex, 

time consuming tasks for the entire dataset. The incremental 

approach in data mining deals with the model preparation and 

maintenance incrementally for the updated datasets. 

In this paper the framework is proposed for incremental 

classification for high dimensional stream data. As part of 

process, first step is to prepare the data which include 

preprocessing techniques like normalization, missing value 

replacement, transformation, and discretization. The next step 

is to make feature tree from preprocessed data. The feature 

tree is proposed using Trie structure to store the detail of the 

dataset then FP growth tree is created from the feature tree to 

reduce the feature for the classification process. The tree 

based dynamic incremental classification is proposed, which 

keeps on updating to incorporate the concept drift. 

The paper is structured as follows. A brief review of 

related work is given in Section II which includes 

preprocessing, data mining algorithm for Trie structure and 

classification. Section III presents proposed framework and 

finally Section IV contains summary and future scope. 

II. RELATED WORK 

To achieve the incremental classification here this 

section is describing the literature review required at various 

steps of the proposed framework like data preprocessing, Trie 

structure and classification.  

A. Data Preprocessing 

Data preprocessing is the substantial step in data mining. 

Data mining mainly involve missing value replacement, 

transformation, normalization, and discretization. The result 

of data preprocessing is the final training set. 

There are many originators of missing value such as 

broken sensor, erroneous or missing data entries and in some 

case some attributes make no sense for some type of objects. 

It is necessary to replace the missing value otherwise the 

analysis could lead to meaningless denouement. The clear 
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way is to replace the missing value by mean value in case of 

numeric attributes and modus in case of categorical value [1]. 

S. McClean et al. proposed a technique to replace the missing 

value by making rules based on background knowledge [2]. J. 

J. Shen et al. recommended Rule Recycle bin technique which 

restate and construct the rules in order to get more complete 

attributes value association rule. This will enable the database 

recovered to advance the accuracy and completion rate as well 

as gain the validity of missing value completion [3]. M. Shyu 

et al. designed a framework named F-DCS for replacing 

missing value which accepts the basic concept of conditional 

probability theories. This framework can manage both 

nominal and numeric values with a high degree of accuracy 

when it is compared with other techniques such as using 

minimum, average and maximum value [4]. R. Malaryizhi et 

al. enlisted K-NN classifier that performs better than K-means 

clustering in missing value imputation [5]. N. Devi et al. 

projected to replace the missing value by mean and median of 

clusters and got the more accurate result for their 

classification analysis for different number of clusters [6]. 

Normalization is also important task in data preprocessing 

to reduce unwanted variation either within or between arrays. 

Normally normalization can be done on data with three ways 

such as Z-Score, by decimal scaling or min-max 

normalization. There are main two types of normalization 

based on a) distance and b) proportion. Distance based 

normalization includes vector based that is on Euclidian 

distance and linear based normalization which can correct 

skewedness in data. Proportion normalization includes non-

monotonic normalization which is on Z-Score. The 

normalization property requires that the range of a sameness 

or distance measure lies within a fixed range.  

Transformation is also a valuable step in data 

preprocessing. Transformation almost compresses the 

maximum data. Transformation mainly involves smoothing, 

aggregation, generalization and discretization. A. Kusiak et al. 

introduced new transformation method named feature 

bundling [7]. When this transformation technique applied to a 

training data set it embellish classification accuracy of the 

decision rules generated from this set. Although bundling is 

destined for integer, categorical and normative features, it can 

be continued with continues value, for example by using 

regression function. 

Discretization is a process of transforming continuous 

attribute value into finite set of intervals to generate attributes 

with a smaller number of distinct values. There are many 

types of discretization methods such as Direct vs. Incremental, 

Single vs. Multi attribute, Supervised vs. Unsupervised, 

Bottom up vs. Top down. For discretization CAIM algorithm 

is popular [8]. But one of the major drawbacks of CAIM is its 

stopping criterion, depends on the number of target classes. 

When the number of target classes is large, its performance 

drops. C. J. Tsai et al. invented a new discretization algorithm 

depends on class attribute Contingency Coefficient [9]. They 

have shown the outperforming results in term of classification 

accuracy. W. Qu et al. proposed a new Chi2 algorithm named 

Rectified chi2 algorithm [10], which looks a new merging 

standard as the basis of interval merging and discretizes the 

real value attributes absolutely and rationally. J. Ge et al. 

presented new discretization algorithm for uncertain data 

which employ both the formula based and sample based 

probability distribution function [11]. Results showed that 

algorithm can help the Naive Bayesian Classifier to extent 

higher classification accuracy. Q. Zhu et al. proposed a novel 

and effective supervised discretization algorithm based on 

correlation maximization by using multiple correspondence 

analysis which is a technique to catch the correlation between 

feature intervals and classes [12]. The algorithm naturally 

generates a better set of feature intervals by maximizing their 

correlations with the classes and gains the classification 

performance. K. Sriwanna et al. fabricated the Enhanced 

CAIM (ECAIM) which is the extended version of CAIM [13]. 

ECAIM is proposed by two modifications. First modification 

is extended from CAIM to turn in to a real increment 

discretization method by upgrading the stopping criterion. The 

second modification is the multi attribute methods by 

simultaneously considering all attributes instead of a single 

attribute. Results demonstrate the ECAIM performs better in 

both synthetic and real world datasets. R. G. Mehta et al. 

proposed a Modified CAIM (MCAIM) because the results of 

CAIM are not sufficient in some cases [14]. Intervals 

generated by MCAIM discretization are more in numbers so 

some intervals are needed to merge without loss of 

discretization information. For merging they used CAIR 

criterion. Experiments showed that MCAIM with merging 

discretization gives improved results than CAIM and MCAIM 

without merging discretization methods. 

B. Data Mining Algorithms using Trie Structure  

Trie is an ordered tree data structure that is used to store 

associative array or dynamic set where the keys are usually 

strings and the term comes from retrieval [15]. Trie was first 

proposed by R. Braindais [16]. The most common use of Trie 

is to represent a set of string [17], [18], [19] which is used in 

dictionary management. The Trie is also used in different 

areas such as text compression [20], natural language 

processing [21], [22], searching for reserved words for a 
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compiler [23], pattern matching [24], [25], IP routing tables 

[26]. 

In data mining, visual representation can comfort in 

strengthening the ability of analysing, understanding the 

techniques, patterns and their assimilation.  But for 

incremental tree the detail visualization process are rarely 

introduced. Z. Abdullah et al. have explained the visualization 

process of constructing the incremental Disorder Support Trie 

Itemset (DOSTrieIT) data structure from the flat-file dataset. 

DOSTrieIT is also used as a shrink source of information for 

building FP Tree [27]. Later year the same author presented a 

scalable technique to discover items support from Trie data 

structure [28].  Generally Trie data structure represent 

frequent patterns via frequent pattern tree (FP Tree). Before 

the FP Tree can be constructed, there are mainly two scanning 

process involved in the original database. One of them is to 

determine the item count (item and their count) that fulfils 

minimum count threshold by scanning the entire database. 

However if some changes occurred in the database the process 

must have find the items and their count again so, Z. Abdullah 

et al. presented a technique called Fast Determination of Item 

Support Technique (F-DIST) to capture the items counts from 

their proposed Disorder Support Trie Itemset (DOSTrieIT) 

[27] data structure. Experiment said that the computational 

time to capture the items count using F-DIST from 

DOSTrieIT is importantly outperformed the FP Tree 

technique about 3 orders of magnitude for 3 UCI benchmark 

datasets.  

C. Classification 

Classification maps (or classifies) a data item into one of 

several predefined categorical classes. Decision tree (DT) can 

be regarded as a powerful and popular tool for classification 

and prediction process [29]. DT can be considered more 

interpretable compared to neural network and support vector 

machines since they combine more data in an easily 

understandable format. DT is computationally cheap, easy to 

use and can deal with uncertainties. It also provides objective 

analysis to decision making. The drawback of DT is that the 

whole process requires quantitative data to determine the 

accuracy of the input. 

ID3 (Iterative Dichotomiser 3) is a very simple 

classification algorithm and based on concept learning ID3, 

uses information gain to decide which attribute goes into a 

decision node[30]. The performance of the algorithm degrades 

as missing values are classified incorrectly. Many researchers 

proposed modification in the ID3 [31], [32], [33]. C4.5 is the 

extension of the ID3 but can be used for unavailable values, 

continuous attribute value range, pruning of the decision tree 

and rule derivation [34]. The C4.5 generates the decision tree 

using the information entropy for the classification. Quinlan 

proposed the C5.0 algorithm which provide improvement over 

the C4.5. C5.0 is significantly faster, uses memory more 

efficiently and generates the smaller decision tree than C4.5 

[35]. C5.0 supports for boosting which improves the tree and 

more accuracy. The concept of winnowing is used by C5.0 to 

automatically winnow the attributes to remove those that may 

be unhelpful [36]. 

Schlimmer et al. [37] proposed incremental ID3 

algorithm using brute-force method. The drawback of this 

method is when new data is arrived, an entirely new tree is 

created. The same author [37] proposed incremental ID4 

algorithm. The drawback of this algorithm is that it discards 

sub trees when new test is chosen for a node. The author 

Utgoff P.E [38] proposed incremental ID5 which did not 

discard the sub tree but also not provide guarantee for 

producing same tree as ID3. The same author [39] Proposed 

ID5R algorithm. It produces same tree as ID3. It uses 

recursively updating method for tree’s sub nodes. The 

drawback is that it does not handle numeric values, multicast 

classification task or missing value. Domingos, Hultern G [40] 

proposed VFDT (Very Fast Decision Trees) learner reduces 

the training time for large dataset using subsampling method 

to incoming data stream. Spencer et al. [41] proposed CVFDT 

(Concept-adapting Very Fast Decision Trees learner) which 

can work with concept drift using the sliding window concept 

on incoming data. The drawback is that it forgot the old data 

outside the window. G. Fernandes [42] proposed VFDTc 

which was extension of VFDT for continuous data and 

concept drift. 

III. PROPOSED FRAMEWORK 

The stream data is huge in size and with very high 

dimensionality. As existing data mining algorithms are not 

suitable for these datasets, the framework for incremental 

classification is proposed in this paper as shown in the 

following Fig. 1. The proposed framework contains 

incremental tree based classification, where the classification 

model is required to be updated for every unclassified and 

wrongly classified instances of test and application phase data.  

The data containing noise and missing values are to be 

replaced with suitable data, so the initial stage of the 

framework deals with preprocessing methods such as missing 

value replacement, normalization and transformation. The 

missing value replacement algorithm replaces by mean, 

median or standard deviation based on data characteristics. 
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The tree based classification needs categorical data and Trie 

structured feature tree also deals with categorical data. 

Discretization is an important stage of the proposed frame 

work. The preprocessed data is applied to the discretization 

phase. In this paper MCAIM [14] algorithm is used for 

discretization which gives better result than previous CAIM 

algorithm [8]. The prepared data is applied to the feature tree 

creation phase. 

 

Fig. 1 Block diagram of proposed framework 

In classification, as one of the major issue to be dealt with 

is concept drift. The classification tree can be reconstructed 

completely in this situation or only affected branch of the tree 

will be updated. The proposed framework uses updation of the 

classification tree in this situation, as complete reconstruction 

will be very time consuming. The storage of the complete data 

will be a major issue. The Incremental Feature tree (F Tree) is 

proposed to store the complete historical dataset. Each level of 

the Trie represents one attribute of the dataset, along with 

count of every value of the attribute. The complexity of the 

complete Trie structure will remain same inspite of the 

varying sized input data. 

To improve the efficiency of the classification, the 

features are required to be reduced as it is a known fact that 

model tree will not contain every features. Feature reduction 

phased of the proposed framework uses FP growth algorithm 

to reduce the features. Trie structured FP tree is used to 

support incremental FP growth algorithm. The reduced 

featured dataset is applied to the incremental classification 

phase. For incremental classification M. Lad et al. proposed 

ID3 algorithm with combination of CAIM and CAIR for 

attribute selection criteria [43]. This algorithm is to be updated 

to update the subtree of the classification tree. The proposed 

framework allows the classification model to be updated for 

every unclassified and wrongly classified instances of test and 

application phase data. 

In CVFDT [41] classification algorithm, the window of 

recent data is managed based on which the classification tree 

will be updated in case of concept drift. As storage is a major 

issue for the dataset, it restricts the size of window. The 

proposed model uses Trie structured feature tree that will 

reduce this restriction up to remarkable level. The analysis of 

the classification model, updation in the proposed databases is 

expected to be performed on the background will not affect 

the response time of the system. The front end classification 

tree will be replaced with the background tree in case of 

updation. 

IV. SUMMARY AND FUTURE SCOPE 

Stream data has several issues such as high 

dimensionality, size of the database, and online streaming. 

The proposed framework makes use of Trie structured feature 

tree to store the dataset with reduced complexity to maintain 

the online streamed data. The incremental FP Growth 

algorithm, in support with Novel incremental classification 

algorithm will support the online response for the 

classification process without sacrificing the classification 

accuracy.  
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Abstract—In real world, the huge amount of temporal data is to 

be processed in many application areas such as scientific, 

financial, network monitoring, sensor data analysis. Data mining 

techniques are primarily oriented to handle discrete features. In 

the case of temporal data the time plays an important role on the 

characteristics of data. To consider this effect, the data 

discretization techniques have to consider the time while 

processing to resolve the issue by finding the intervals of data 

which are more concise and precise with respect to time. Here, 

this research is reviewing different data discretization techniques 

used in temporal data applications according to the inclusion or 

exclusion of: class label, temporal order of the data and handling 

of stream data to open the research direction for temporal data 

discretization to improve the performance of data mining 

technique. 

 

Keywords— Temporal data, Discretization, Supervised, 

Incremental, Nonparametric 

 

I. INTRODUCTION 

The huge amount of data is to be processed in many 

application areas such as scientific, financial, network 

monitoring, sensor data analysis [1], [2]. Data mining is 

important to analyse huge amount of data and with time 

oriented data, data analysis can be done better and more 

naturally. Recently, the increasing usages of temporal data in 

various applications have got focus on research in the field of 

data mining. Temporal data can be easily obtained and 

available from scientific and financial applications like ECG, 

diabetes, daily weather data, sales information and stocks 

information. A time series is a collection of observations made 

chronologically. The characteristics of time series data 

includes: huge in size, high dimensions and updated 

continuously.  

Moreover temporal data have characteristics of numeric 

and continuous nature, which has to be always considered as a 

group instead of individual field. There are number of 

research is going on temporal data, to find similarity, to 

segment and to search, to reduce in dimension. Temporal 

discretization refers to the discretization of time series, as a 

preprocessing step in transforming the temporal data into 

timely intervals. An effective discretization method not only 

reduces the dimensionality of data and improve the efficiency 

of data mining and machine learning algorithm, but also make 

the knowledge extracted from the discretized dataset more 

compact, easy to understand and useful. Many data mining 

algorithms can benefit from a discrete representation of the 

original data set as the numbers of values for a feature are 

many, but after the discretization, the number of discrete 

values is less compare to original number of values [1], [2]. 

Discretization has a number of advantages: Discrete 

features reduce memory usage and thus increase 

representation of the knowledge as data is simplified to 

understand and with this application of mining technique or 

knowledge retrieval methods become faster and perfect [2].  

There are several ways by which discretization methods 

can be classified: Splitting versus Merging, Global versus 

Local, Supervised versus Unsupervised, Static versus 

Dynamic, and non-Incremental versus Incremental [2], [3], 

[4], [5].  

• The Splitting methods, is a top-down approach of 

discretization in which one start with an empty set of cut 

points and gradually divide the interval and subintervals to 

obtain the discretization. In contrast, the merging method is a 

bottom-up approach in which it considers all possible cut 

points and then eliminate these cut points by merging 

intervals. 

• Local methods produce partitions that are applied to 

localized regions of instance space. Global methods, on the 

other hand, use the entire instance space and form a mesh over 

the entire n-dimensional continuous instance space, where 

each feature is partitioned into regions independent of other 

attributes. 

• Unsupervised methods carry out discretization without the 

knowledge of class label, whereas the supervised methods 

utilize the class information to carry out the discretization. 

• Static discretization methods require some parameter 

indicating the maximum number of desired intervals to 

discretize a feature. Dynamic methods conduct a search 

through the space of possible k values for all features 

simultaneously. 

• Non-incremental methods consider only the available 

historical data values. But, with time, the data values that can 

be completely new are not considered. While in incremental 

methods they try to cover the new values also. 

Here, this research is discussing the different data 

discretization methods used for different temporal data 

applications that may have a) class label or no class labels, b) 

nature of continuous data or static data and c) considering the 

temporal order or not considering the temporal order.  

The organization of rest of this research is as follows: 

Section 2 discusses the literature review of temporal static 

data discretization methods which is not considering the 

temporal order of the timely data and the other discretization 

methods which is considering the temporal order of the data 
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under the unsupervised and supervised discretization category 

followed by the comparative analysis of these discretization 

methods for defined parameters. Final Section 3 summarizes 

the research for the future scope. 

II. DISCRETIZATION 

Many data mining algorithms and tasks can benefit from a 

discrete representation of the original data set. Discrete 

representation is more comprehensive to human and can 

simplify, reduce computational costs and improve accuracy of 

many algorithms. Discretization is the process of transforming 

continuous space valued series X={x1,x2,...,xn} into a 

discrete valued series Y={y1,y2,...,yn}. Discretization can be 

performed recursively on an attribute. The main part of the 

discretization process is choosing the best cut points which 

split the continuous value range into discrete number of bins 

usually referred to as states.  

From the literature review, it is found that most of 

discretization methods which are used can be majorly 

categorized as unsupervised and supervised discretization. 

Here, this section is discussing discretization methods 

according to this category. 

A. Unsupervised Discretization 

When in dataset class information is not available for time 

series, unsupervised methods are needed. Two common 

methods used in most of the applications are Equal Width 

Discretization (EWD) and Equal Frequency Discretization 

(EFD) [1]. Other than these are K-means Clustering [1], [3] 

SAX [6], Frequency Dynamic Interval Class (FDIC) [7], 

where methods: EWD, EFD and K-means clustering are static 

methods which are not considering temporal order of data. 

1) Equal Width Discretization (EWD): EWD is a 

simplest discretization method that divides the range of 

observed values for a feature into k equal sized bins, where k 

is a parameter provided by the user [4]. The process involves 

finding values as the minimum (Vmin) and maximum 

(Vmax). The interval is computed by dividing the range of 

observed values for the variable into k number of equally 

sized bins using the formula Interval=(Vmax-Vmin)/k, where 

k is a parameter supplied by the user and Boundaries = 

Vmin+( i * interval) for the i = 1...k-1 boundaries [3]. 

However, this method of discretization is sensitive to outliers 

that may drastically skew the range.  

The limitations of this static, unsupervised and very simple 

method are: a) It is the parametric method as the required 

number of interval is needed from the user. b) It follows the 

characteristics of how data values are distributed as some 

intervals may contain much more data points than other and 

can produce overlapping. 

2) Equal Frequency Discretization: The equal-

frequency algorithm determines the minimum and maximum 

values of the discretized attribute of n values, it sorts all 

values in increasing frequency order and then divides the 

sorted data values into k bins such that each interval 

approximately contains n/k data values with adjacent internal 

values. For equal frequency, many occurrences of a 

continuous value could cause the occurrences to be assigned 

into different bins that cause the problem of overlapping.  

This method is advantageous and tries to overcome the 

limitations of the equal-width interval discretization by 

dividing the domain in intervals with the same distribution of 

data points. The problems with this static, unsupervised and 

parametric method is that it is not always possible to generate 

exactly k equal frequency intervals because it tries to place the 

data instance with identical value in the same interval. 

The author Chaves has applied this method for image 

histogram discretization [8]. 

3) K-means Clustering: The K-means clustering method 

is widely used for temporal data discretization in number of 

applications as it helps to find natural groups and one of the 

data mining techniques [2], [3], [5]. The author Salvador used 

the K-means clustering to identify the number of states in a 

time series dynamically [9], the author Z. Liang et al. used this 

method to partition the values of the attributes like 

temperature, salinity, pH, etc. to detect the correlation 

between environmental factors and ecological events [10]. 

In K-means clustering, a Euclidean distance measure is a 

simple distance function used to cluster the data into k clusters 

which are represented by the centroids. The clustering 

algorithm begins with a random or more educated choice 

(more efficient due to the sensitivity of the clustering process 

to the initial selection) of clusters centroids. The second step 

is to assign each data point to the cluster that has the closest 

centroid. After every data point has been assigned, the k 

centroids are recalculated as the mean value of each cluster. 

Two steps are repeated until no data point is reassigned or the 

k centroids no longer change. The resulting clusters or 

centroids are used as the states of the discretization process.  

This static method is advantageous than EWD and EFD 

methods as the data are grouped together as per their 

characteristics. But this can be the limitations also and other 

than this are: a) It is the parametric method, as the required 

number of interval value k is to be provided by the user. b) 

The number of intervals of discretization is dependent upon 

the given k value and seed value of cluster. 

4) Symbolic Aggregate Approximation (SAX): SAX is 

the advanced method especially designed for temporal data. 

The author Keogh et al. applied SAX discretization for 

improvement of pattern finding performance [11].  

The SAX representation of a time series is given by the 

author Lin et al. in 2003 [6] to convert the piecewise 

aggregate approximation to symbols. The authors has 

achieved this by dividing the vertical y-axis into equi probable 

parts, which replaced by symbol. To do so, parameters like 

subsequence length and the number of symbols. SAX helps to 

reduce the dimensionality and lower bounds the distance 

between any two vectors in the SAX representation is smaller 

than, or equal to, the distance between these two vectors in the 

original space.  

Before discretization, the author has removed distortions by 

normalizing each time series and that can follow the Gaussian 
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distribution. Then for the given number of segmentation, 

transform time series into partial aggregate approximation. 

And now breakpoints are decided so that they produce equal-

sized areas under the Gaussian curve using the breakpoint 

lookup table that helps to divide the amplitude values of the 

time series into required number of equi-probable regions. 

Then depending upon the breakpoint lying area symbols are 

provided to generate the complete symbol string. 

The advantages of this method are a) It is reducing 

dimensionality depending upon alphabet size. b) It is lower 

bounding the distance between any two vectors. The SAX 

method is suitable for most classic data mining tasks like 

classification and clustering.  

 The extended-SAX is proposed by the same author in 2007 

[12] which included the min and max value into the 

consideration. Modification to SAX method, FAST-SAX is 

proposed by M. Fuad where each series in the database is 

represented by a first-degree polynomial, which is the 

approximating function for all the time series in the databases 

[13]. The distances between the time series and their 

approximating function are computed and stored instead of 

time series to perform faster than original SAX method.  

5) Frequency Dynamic Interval Class (FDIC): FDIC is 

advanced and novel approach of data discretization method 

which is dynamic in nature presented by A. M. Ahmed et al. 

[7]. The method consists of two phases. First is dynamic 

interval class and second is interval merging phase. A 

dynamic interval phase which tries to generate a number of 

intervals from data information itself, then generated width 

intervals by considering the intervals of frequency distribution 

of the pattern and distance of interval patterns and uses 

automatically computed threshold based on means distribution 

to determine the number and the length of intervals. 

The second phase merging phase which begins with 

calculation of distance between known interval class and 

unknown class. In this phase unknown class intervals that 

have less distribution, are merged with the nearest point with 

satisfied minimum threshold. The SV-kNNC algorithm is used 

to determine the new cut point of unknown class interval. It is 

dependent on nearest known intervals which have more 

distribution on data. As a result, when discretization ends, 

numerical continuous attribute values are transformed into 

discrete ones based on the dataset characteristics. 

This nonparametric and bottom up, method is more 

advantageous over other methods as the data are grouped 

together as per their characteristics and frequency of values. 

But only limitation of this method is it is not incremental. 

B. Supervised Discretization 

There are numbers of supervised discretization methods 

based on entropy interested readers can check with [2], [3], 

[14] but here the methods based on clustering [15] and based 

on Class-Attribute Contingency Coefficient [16] are discussed 

as they are according to temporal data characteristics and also 

with class information.  

1) Clustering based Discretization: This method is taking 

the advantage of class label and natural grouping together. It 

is based on clustering, that discretizes the data with the 

knowledge of both classes and clusters [15]. In this method 

two clustering algorithms used – the K-means clustering 

approach with Euclidean distance metric as the similarity 

measure and the shared nearest neighbour (SNN) clustering 

algorithm. In the K-means clustering approach the number of 

clusters is kept approximately equal to the number of classes. 

Each data instance is assigned to a particular cluster and this is 

named as the ‘pseudo-class’.  

Clustering provides the intrinsic grouping of the unlabeled 

data. Thus, the cluster id captures the interdependencies in the 

data. So, there are two class features, one provided with data, 

C, and the other, pseudo-class C’. Then entropy based 

discretization applied to search for the partition of the value 

range of a continuous feature so as to minimize the 

uncertainty of the class variable conditioned on the discretized 

feature variable. This method results in two intervals and is 

applied recursively to each subsequent subinterval until the 

stopping criterion is met.  

This method is advantageous because in discretization of 

continuous variables simultaneously using the class 

information and cluster based ‘pseudo-class’ information 

generally better than that based on the class information alone. 

2) Class Attribute Contingency Coefficient Discretization 

(CACC) Method: This is supervised and top-down 

discretization method based on Class-Attribute Contingency 

Coefficient by Lee et al. [14]. It calculates CACC value which 

is used in discretization of continuous data to measure the 

interdependence between variables. 

For each attribute, CACC first finds the maximum and 

minimum of attributes and then forms a set of all values of 

each attribute in the ascending order. For all possible interval 

boundaries and all the midpoints of all the adjacent boundaries 

in the set are obtained and keeping the maximum CACC value 

and then partition this attribute accordingly into intervals. The 

CACC discretization method raise the quality of the generated 

discretization scheme by extending the idea of contingency 

coefficient and give better result as considers different 

attributes together than the consideration of individual 

attribute, which is the main characteristic of temporal data. 

But, major limitation is that it is not considering temporal 

order of data.  

From the study of various discretization methods, we 

derived the following analysis as described in Table 1 and we 

found that enough research work is done in the area of 

unsupervised discretization, but very less work is done in the 

supervised discretization together with incremental approach. 

III. SUMMARY AND FUTURE SCOPE 

Discretization of data plays an important role in data 

preprocessing before applying a number of data mining 

algorithms on the real valued data sets. Here, briefly 

introduced the need of discretization with the idea and 

drawbacks of some methods under supervised or unsupervised 
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category for the temporal data. Analysis has been given based 

on different issues of discretization which shows that still 

research area is open to consider some issues like 

nonparametric automatic discretization approach to consider 

continuous streaming data with the consideration of temporal 

order.  

TABLE I ANALYSIS OF TEMPORAL DATA DISCRETIZATION METHOD

Category UnSupervised Supervised 

   

 
EWD, 

EFD, 

K-Means 

SAX, 

Extended-SAX, 

Fast-SAX 

FDIC CACC 

Clustering 

based 

discretization 

Supervised  or Not No No No Yes Yes 

Consideration of 

Temporal order 
No Yes No No No 

Top Down / 

Bottom Up 
Top Down Top Down Bottom Up Top Down Top Down 

Parametric Yes Yes No No Yes 

Overlapping 

solved 
No No Yes Yes No 

Incremental No No No Yes No 
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